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CHAPTER  LXXIV 

THE  INTESTINE 

Secuetions  and  Excretions  pouEJii)  intojit. 

<•- 

•-/^  ^^  *Si:. 
S-iS.  Much  less  is  known  of  intestinal  indjgeftticm  than  of  the 

conesponding    condition    in    the    stomach.       The   reason    of   this   is 

thiit    it    is    impossible    to    withdraw    the    contents    for   purposes    of 

examination. 

Litcstiiial  Ferments. 

.S4i>.  There  appear  to  be  several  ferments  coutaineil  in  the  succus  entericus  of 
the  small  intestine.  One  of  the  chief  of  them  has  the  property  of  converting  maltose 
into  fjrajM:-sHgar.  Another  transforms  cane-sugar  into  invert-sugar^  a  mixture  of 
e*iual  i^arts  grai>e-sugar  or  dextrose  and  fruit-sugar  or  lajvulose.  It  does  so  by 
4  ausing  the  cane-sugar  to  absorb  water. 

•JC12H22O11  -+-  2HaO  =  C12H24O12  -h  Ci.iH240i2 
Saccharose.    Water.     Dextrose.       Liuvulose. 

luvert-sugiir  is  therefore  a  more  highly  hydrated  substance  than  cane-sugar. 

There  also  appears  to  be  a  weak  diastatic  ferment  and  one  which  acts  slightly 
njM)n  pritteids.  It  has  also  been  asserted  that  the  juice  of  the  small  intestine 
<iaulsijies  awl  iHtrtly  breaks  up  fats.     This,  however,  is  disputed. 

Little  is  known  of  the  effect  of  diminished  secretion  of  the  succus  entericus. 


Pancreatic  Ferments. 

5*50.  The  {>aucreatic  secretion  is  particularly  rich  in  ferments.  It  used  fonnerly 
to  be  thought  that  the  various  functions  subserved  by  it  were  due  to  a  single  fer- 
ment. That,  as  is  now  well  known,  is  not  the  case.  The  secretion  from  the  pan- 
creas )x>sdesses  several  ferments,  each  having  a  special  action.  There  is,  firstly,  a 
proteid  solvent  namexl  trypsin  (pancreatic  pepsin) ;  secondly,  there  is  pancreatic 
din^ase  alike  in  its  action  with  that  found  in  the  saliva  ;  thirdly,  according  to 
Roberts,  there  is  a  milk-curdling  ferment ;  and  fourthly,  there  is  a  ferment  which 
<;u!ulsifies  and  partially  saponifies  fats. 

The  use  of  the  pancreatic  seci'etion  is  mainly  to  supplement  and  complete  the 
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hydrolytic  processes  comraenced  in  tho  mouth  ami  stomach.  Tlie  stireh  which 
escapes  l)eiug  coiiverte<l  into  maltose  by  the  saliva  has  a  sfcoiul  opportunity  of 
being  transformcil  by  it  in  the  small  intestine  ;  and  proteid  matters  which  are  not 
thoroughly  i)eptonised  in  the  stomach  are  again  subjected  to  the  action  of  the  pan- 
creatic jK'psin  known  as  tryiwin. 

The  fats  are  not  only  emulsified  in  the  small  intestine,  but  a  large  jiroportion  o( 
them  Is  decomi>osed,  wliereby  th«*  glycerine  and  fatty  acids  are  separatt-d.  A  similar 
fat -decomposing  function  apparently  exists,  but  in  minor  degree,  as  aln-ady  «le>eribed 
(p.  472),  in  the  secretion  of  the  stomach.  Hernard  (No.  4r»;'),  ii.  p.  34<>i  lieM  that 
the  cause  of  the  emulsification  was  the  presenct*  of  a  ferment  in  the  iKimreatic 
secretion.  KoU'rts,  however,  doubts  whether  this  is  so  Xo.  454,  p.  7*2  .  lie  thinks 
the  liberated  fatty  acids  of  themselves  are  hutlicient  to  emulsify  the  neulnd  fats. 

In  the  digestion  of  proteids  within  the  stomach  it  is  seldom  that  the  hydrolysis 
is  carried  further  than  tlie  formati«)n  of  peptone.  The  i>ancrtatic  i>ej»sin  or  tryjwin 
is  ca^mble  of  breaking  up  the  peptone  still  farther  into  a  number  of  hy«li-ation 
products.  Among  these  may  be  mentit>ned  leuriu,  tyrosin,  naphthylamine,  and 
iudol. 

The  iMincreatic  ferments  are  active  only  in  an  alkaline  medium.  The  acid  chyme 
after  i»assing  into  the  duodenum  soon  loses  its  ati«lity  ;  it  is  neutialis<*d  by  the 
alkaline  secretions  of  the  small  intestine  and  pancrea>. 


L'iu\so/thr  Bih. 

851.  These  are  usually  said  to  be  :  \1  ■  the  neutnilisation  of  the  acid  chyme  ami 
the  precipitation  of  propeptones  and  pcjisin  ;  (2)  the  emulsification  of  fats  ;  (3  the 
aiding  in  absorption,  particularly  of  fats  ;  .4:  the  excitation  of  peristaltic  action  in 
the  intestine  and  the  lubrication  of  ftecal  matters;  (ft)  the  acting  as  an  antiseptic. 
According  to  Coi>eman  and  Winston,  its  iuHuence  as  an  antiseptic  is  feebler  than  is 
generally  supposed. 

Harley  (So,  438,  p.  18)  maintains  that  bile  emulsifies  and  saponifiis  the  fatty 
acids,  wiiile  pancreatic  juice  not  only  ^tosaesscs  this  action,  but  also  reacts  similarly 
upon  neutral  fats,  l^wite  ai»art  from  its  emulsifying  proi»erties,  however,  bik-  seems 
to  iK)ssess  the  (lOwer  of  aiding  fatty  matters  in  {uissing  through  an  animal  membrane. 
Harley  {loc.  cU.  p.  17)  says  that  when  an  albuminous  liquid  mixed  with  oil  and  con- 
taintnl  in  a  loop  of  intestine  is  8us{teuded  in  water,  the  oil  does  not  pass  througli  the 
coats  of  the  intestine.  When  bile  is  addeil  to  the  mixture,  however,  it  finds  its  way 
outwards  even  w  hen  free  from  pre.Nsure.  The  oil  comes  through  in  the  fi)rm  of  a 
soapy-looking  substance. 

Ox,  sheep,  and  horse  bile,  according  to  Hofmeister  ;No.  4i»,  ISSJl.  i.  p.  115  ,  ha^s 
a  jHjwerful  infiuence  in  htfdrtitimj  sfnnh  with  formation  of  stigar  ;  while  dog's  or  pig's 
bile  possessi's  this  proj^erty  either  not  at  all  or  only  to  a  minor  extent.  None  of  the 
various  biles  employed  by  him  have  the  projMrty  of  dissolving  or  s|»litting  up  albu- 
min. The  bile  of  the  horv',  ox,  or  sheep  jKKssesses  a  feeble  |Mnver  of  splitting  up 
neutral  fats,  an  action  v^hii-h  d<H's  not  seem  to  1m>  inherent  in  pig's  or  dog's  bile.  All 
biles,  he  says,  emulsify  fats,  the  strongest  K-ing  that  of  the  <log.  A  lacti*-  aciil 
ferment,  as  a  rule,  is  present  in  the  bile,  or  develops  in  it  on  standing.  The  action 
of  gJistric  juice  is  annulbd  by  the  pn*senco  of  bile  '1  c.c.  bile  in  11  c.c.  artificial 
gastric  juice  . 

When  the  bile  duct  is  obstructed  the  absorption  of  the  products  of  digestion  <if 
starch  or  albumin  chn's  not  seem  to  sutfer  to  any  appreciable  extent  Mueller.  No.  49, 
18n7.  ii.  J>.  277  .  The  absorption  of  fats,  however,  is  markedly  diminished.  Y\on\ 
Ih  to  78 '5  per  cent  of  the  fat  taken  as  food  jwisses  otf  in  the  fieces.     The  presinie 


CHAP.  Lxxiv  VEGETABLE  MICRO-ORGANISMS  517 

of  needle-shaped  fat  crystals  in  the  faces  is  an  indication  of  disturbed  fat  absorption. 
The  more  easily  melted,  the  more  readily  are  the  fats  absorbed. 

In  a  woman  suffering  from  a  biliary  fistula  made  for  occlusion  of  the  common  bile 
duct,  Copenian  and  Winston  (No.  179,  x.  1889,  p.  213)  found  that  there  never  was 
any  constipation,  although  the  faces  were  quite  free  from  bile  pigment.  The  faecal 
matter  contained  a  large  proportion  of  fat  once  rather  more  than  18  per  cent,  show- 
ing that  in  the  absence  of  bile  the  pancreatic  juice  is  unable  to  complete  the  diges- 
tion and  absorption  of  fats.  The  amount  of  uudigestLMl  proteid  matter,  however,  was 
<-ouij»anitively  slight. 

Tliere  were  never  any  symptoms  of  dyspepsia  and  the  patient  had  a  voracious 
apiietite,  an  observation  in  accordance  with  what  is  noticed  in  dogs  suffering  from 
biliary  fistula. 

A  similar  case  observed  by  Paton  and  Balfour  (Xo.  599,  iii.  1891,  p.  191)  in  main 
supports  the  above  statements. 


Bile  and  the  Colour  of  the  Fivces, 

S.7)2.  The  colour  of  human  bile  when  first  secreted  is  not  golden- 
red,  hut  a  j)ale  olive  green.  The  colouring  matter,  according  to  Cope- 
man  anil  Winston  (Xo.  179,  x.  1889,  p.  213),  is  biliverdin.  The 
colour,  however,  as  shown  by  post-mortem  examination,  rapidly  changes 
after  the  bile  passes  into  the  gall-bladder.  The  biliverdin  becomes 
retluced  to  bilinibin.  Bilirubin  is  present  in  fresh  human  bile  only  in 
small  quantity. 

The  eohnuimj  m^ttter  of  the  human  faeces  is  derived  partly  from  bile, 
partly  from  the  food  consumed.  The  bile  element  is  due  to  dercobilin, 
•A  sul)stance  supposed  to  be  identical  in  composition  with  hydro- 
V>ilirubin.  On  a  rich  animal  diet  the  dejecta  become  of  a  dark  brown 
colour ;  and  on  a  mixed  regimen  the  colour  is  brownish-yellow — the 
colour,  that  is  to  say,  which  may  be  regarded  as  healthy  in  the  case  of 
Man.  During  a  dietary  of  fruit  the  reduction  of  biliverdin  to  hydro- 
hilirubin  does  not  take  place.  Hence,  it  is  said,  the  faecal  matter  may 
have  a  green  colour.  This  colour  is  not  explicable  on  the  theory  of 
the  presence  of  chlorophyll. 


The  Vegetable  Micro-Organisms  of  the  Alimentary  Canal. 

853.  Pasteur  has  long  held  that  vegetable  microbes  play  an  impor- 
tant role  in  natural  digestion.  It  is  alleged  that  where  the  pancreatic 
duct  is  obstructed,  part  of  the  work  done  by  the  pancreatic  secretion 
may  be  overtaken  by  the  organisms  present  in  the  contents  of  the 
intestine. 

The  meconium  three  to  seven  hours  after  birth  is  sterile,  or  at  most 
a  few  cocci  are  obtainable  from  it  by  cultivation.  They  usually  take 
the  fonn  of  diplococci.  In  about  eighteen  hours  after  birth,  however, 
bacteria  make  their  appearance  in  abundance  (Escherich,  No.  439, 
1886,  p.  18). 
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The  attempt  made  by  Vigiial  (No.  4,  x.  1887,  p.  286)  and  otlitTM  to  isolau*  and 
enumerate  those  found  in  the  mouth  and  intestinal  canal  seeniM  alnumt  hopeless,  so 
abundant  are  the  varieties.  Certain  of  them  are  destroyed  by  the  gnstrir  juii'e,  but 
others  pass  the  stomach  and  )>egin  to  fructify  when  they  ^t  into  the  neutral 
contents  of  the  intestine.  They  evidently  contribute  u  |»art  here  in  rendering  certain 
of  the  ingesta  soluble  and  callable  of  being  absorbed.  Their  nuin1>er  conies  up  to 
something  like  twenty  millions  j»er  dcVigrnrnme  of  fipcal  matter  (Vignal). 

Briegcr  (No.  187,  viii.  p.  306,  and  ix.  p.  1)  found  in  normal  /aces,  among  others, 
two  organisms  of  note  on  account  of  their  chemical  properties.  One  of  thew 
is  like  the  pneumococcus  and  has  the  proi>erty  of  converting  gmpe-sugar  and  cane- 
sugar  into  et hylic  alcohol  ;  the  other  grows  in  circles  U|>on  gelatine  plates  and  con- 
verts grai)e-8Ugar  into  proj»ionic  acid. 

Stahl  matle  out  that  there  wen*  as  many  as  twenty  different  kinds  of  organism 
prciiont  in  normal  faeces  :  while  Hicnstock  (No.  11,  i.  1883,  p.  009  ,  on  the  other 
hand,  believed  ho  had  provni  that  the  e.ssentiid  bacteria  of  the  intestine  an- 
neither  micnx-oi'ci,  l>acterium  termo,  nor  spirochaetji',  but  purely  and  Mni(»Iy  Kacilli. 
The  cause  of  this,  he  8Up}N)si>d.  lay  in  the  destructive  influence  of  the  acid  secretion 
of  the  stomach  upon  nil  such  organi>nisunles.s  in  the  condition  of  siK>res.  The  s]»-kres 
can  (lass  the  stomach  and  redevelop  into  Itacilli  in  the  intestine. 

Escherich  (No.  439,  1886,  p.  Ill)  finds  that  the  prevalence  of  any  j>articular 
organism  varies  with  the  diet.  Thus,  those  present  in  the  alimentar}'  canal  of  tlu- 
dog  differtMl  materially  according  to  whether  it  was  fi^l  on  milk  or  on  meat.' 

He  disagrees  with  Hicnstock  altogetlier  as  to  the  allegeti  pre.sen«e  of  bacilli  nlone 
in  the  intestine.  By  careful  plate-cultures  he  was  enablnl  to  isolate  many  other 
forms. 

Intestinal  Catarrh. 

854.  Anatomical  Appearances. — The  mucowi  is  red  from  hyjK'r- 
femia  and  is  covered  with  dense  masses  of  tough,  teiiacioiLs  mucus 
which,  if  the  Iwwel  be  empty,  serve  to  glue  its  surfaces  partially 
together.  It  is  seldom  that  the  con<litiou  becomes  nuico-]>urulent. 
The  part  of  the  bowel  most  oftiMi  aflected  seems  to  be  either  the  lonjr 
inMiii*'  or  the  lofirr  }Mirt  of  ihe  anoilL  There  is  a  prevalent  opinion 
that  it  is  a  common  disease  of  the  du^nlvnum  and  that  the  catarrhal 
secretion  and  the  liyper»*mic  swelling  of  the  mucosa  tend  to  occlude 
the  oiiening  of  the  duct  an<l  to  occasion  an  obstmctive  jaundice 
(see  Jnumlir.e), 

The  minuter  cluuujrn  of  the  muccms  membrane,  like  those  of  the 
catarrhal  stomach,  have  not  lx?ien  well  studie<l,  owing  greatly  to  the 
macei-ated  and  often  half-digested  state  in  which  the  mucosa  is  found 
after  death.  Intestinal  mucus  is  nonnally  secreted  from  the  epithelium 
covering  the  mucosa.  Its  cells  become  distended  witii  it  and  an- 
corre8|>ondingly  tnmsparent ;  they  are  converte<l  into  chalice  cells  when 
the  mucus  is  dischargetl.  The  quantity  of  mucus  fomietl  by  these  in 
catarrh  must  be  much  greater  than  in  health.  The  immediate  cause  is 
probably  the  underlying  congestion.   The  epithelial  cells  may  also  Ik;  shed. 

'  lie  gives  at  i^.  108  of  above  work  a  list  of  those  micro-organisms  which  he  found 
in  meconium  from  infants  of  different  ages  under  a  milk  diet.  The  Vm^X  is  too  long 
to  tnuiscrilie. 


I  It  is  said  that  catarrh  is  liable  to  be  accompanied  by  follicular 

uJctiration.       Croupous  enteritis,   however,   is  a  commoner  cause   ni' 


r.  Lixiv 
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51]» 


J^lOt  KW^^^-Cat APBH  ow  tirrsBTtarE  anownva  tbe  Haahes  or  Tekaciocb  Mccva  ADurajyci 

TO  THE  SuHrACK. 


tllii.       A   chronic    catarrh  with   such   ulceration   is  also  alleged   to 
A  fibrvu*   MW  f&rfiPifion   between    the   crypts  of  Lieberknhn 
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Membraxuvs  Catarrh. 

^'i5.  Tijere  is  a  peculiar  condition,  ap|iarently  of  catarrh,  in  which 
gelatinous  castj^  ar*'  voided  yr  anum.  Women  in  middle  life  sometimes 
habitually  lou^s  ^elatin<»us  nienibrane-like  casts  of  the  intestine.  The 
ca«tA  are  ]ierfectly  homo<;eneous  and  transparent  and  have  none  of  the 
apf»earance  of  croui»oii«  menilmines.  What  the  condition  of  the  bowel 
associated!  with  them  \%  has  never  Ijeen  recorded. 


ACITE   PeU*X>RATIN«    UlX'EK   OF   DU0I»EN'l'3l. 

r^5C.  This  a]*|>ear8  to  lie  analogous  in  all  res|tects  to  the  disease 
Ijeariug  a  like  name  in  the  i^toniach.  It  has  the  same  shaq^ly-|»unched- 
out  apiiearance,  i>  fre<|Uently  multipkN  and  by  no  means  seldom  ends 
fatally  by  jwrfnrating.  (Dne  of  the  constant  primarj*  effects  of  the 
disease,  as  also  in  the  case  of  the  gastiic  ulcer,  is  copious  tucmorrhagC 
The  htf'morrhage  manifests  itself  by  melauUL  It  is  in  the  first  fiortion 
of  the  duodenum  that  the  ulcer  ur  ulcers  are  ffamd,  almost  one  and  a 
half  to  two  inches  fn»m  the  jiylorus ;  they  tend  to  fuse  together. 
Th^-y  are  wjHietini«'S  ass<K'iated  with  similar  ulcers  in  the  stomach. 
They  cicatrise  in  the  Kiiiie  way  as  the  gastric  ulcer :  the  head  of  the 
IMUcreas  is  often  utilised  as  a  sto]>-gap  and  supi»ort  to  the  floor. 

Their  |jathology,  s/j  far  as  is  known,  is  alike  with  that  of  the 
|»erforating  ulo-r  of  the  stomach.  There  are  at  least  two  proteid 
iMilvents  in  the  durjdenum,  namely,  gastric  pepsin  and  pancreatic 
try|isin.  but  seeing  that  the  first  part  of  the  organ  is  the  region  in 
which  the  ulcer  is  almost  always  found,  it  is  more  likely  that  the 
solution  takes  place  through  the  agency  of  the  gastric  pepsin  before 
it  has  undergone  precipitation  by  contact  with  bile. 


Acui*:  IfUitUual  Vk^r  afkr  Bums  and  ScnhU. 

857.  It  wiis  long  ago  |)ointed  out  by  Dupuytren  (No.  459)  that 
the  stomach  and  intestine  are  liable  to  inflammation  after  the  im- 
mediate danger  of  a  burn  of  the  skin  is  past.  He  did  not,  however, 
sus|)ect  that  the  duodenum  was  the  part  most  liable  to  suffer.  Since 
then  so  many  cases  (see  BiUv»g.)  have  been  put  on  record  of  acute 
|>erforating  duoden«il  ulcer  following  upon  extensive  bums  and  scalds 
that  the  coincidence  of  the  two  conditions  can  scarcely  be  regarded  as 
fortuitous. 

In  the  year  1842  Curling  (No.  34,  xxv.  1842,  p.  260)  recorded 
ten  instances  in  which  he  had  found  an  acute  duodenal  ulcer  associated 
^-ith  bums  of  the  skin  and  two  in  which  there  was  acute  duodenitis. 
In  three  out  of  the  alx)ve  ten  cases  death  occurred  from  perforatiotu 
The  perforation  is  sometimes  very  small,  at  other  times  as  large  as  a 
shilling.     The  ulcers  are  sometimes  multiple.     According  to  Curling, 
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the  ulceration  takes  place,  as  a  rule,  immeiliately  opposite  tlic  head  ol 
the pjincreas,  and  hence  renders  the  occiurence  of  hieiiiorrhage  freijuent 
and  severe  from  the  arteria-jiancreatica diiodenalis  being  opened  into. 
It  U  commonest  in  young  subjects ;  the  eldest  in  Curling's  crises  vn%s 
twenty-eight,  while  the  ages  of  the  others  ranged  between  three  find 
nineteen  years. 

Dilatation  of  DroDENtm. 

858.  The  duodenum  sometimes  readies  nn  astonishing  size,  so 
iDDcli  «o  that  it  comes  to  resemble  a  second  stomach.  The  cause  is 
nmuiW  a  stricture  at  its  lower  end.  Wernich  (No,  13,  1.  1870, 
p.  138)  relates  a  case  where  there  was  a  constriction  both  at  the 
Jippcr  and  lower  ends.  In  some  instances  there  may  be  a  diverticular 
pouch  leading  off  from  the  uiain  cavity.  The  stricture  is  usually 
rau^eti  by  a  cancerous  tumour,  but  sometimes  by  a  cicatricial  jjarid  or 
rord  like  old  adhesion.  Even  where  the  cancerous  tumcmr  infiltrates 
uttiversally  as'much  as  the  lower  two-thirds  of  the  viscus,  the  dilatation, 
cancerous  part  included,  may  l>e  extreme, 

Diseases  of  the  FrtLucrLAU  Tissue. 

^59.  The  follicular  tissue  of  the  gastro- intestinal  tract  is  very 
ftbamlant.  It  consist**  ctf  little  lymph -gland -like  bodies  situated  in 
ibeDittcoils  uiembraiie  and  e.\tending  deeply  into  the  submucosa.  The 
•o-called  Prf/e/ri  jMitches  are  colonies  of  these.  The  foiiicular  tissue  is 
mc^l  abundant  in  the  lower  half  of  tlie  ileum  where  the  Peyer*s 
[Riti.'hrii  are  also  found.  Isolated  follicles,  however,  are  met  with 
here  and  there  in  the  stomach  and  throughout  the  whole  intestine. 

Under  certain  conditions  this  follicular  tissue  becomes  swollen 
and  hy[>ertrophied,  so  that  the  individual  glands  project  above  the 
Ifvel  of  th»  mucosa.  It  does  not  always  follow^  however,  that  the 
;2:n)uped  and  isolated  follicles  are  simultaneously  swollen,  and  there 
luiiM,  therefore,  be  some  difference  in  their  function.  In  typhoid 
f^wr,  which  affects  this  follicular  tissue  more  constantly  than  any 
other  disease,  they  have  become  enlarged  and  almost  siiuultaneousiy  so, 
Imt  even  here  the  one  is  at  times  much  more  at  fault  than  the  other. 
In  septic  diseases,  more  es2>ecially  septic  disease  in  which  the  poisonous 
products  of  the  wound  are  swallowed,  the  solitary  glands  of  the  ileum 
will  he  found  enlarged  often  to  the  exclusion  of  the  Peyer's  ]>atches. 

There  is  this  difference,  however,  l>etween  the  typhoid  and  almost 
all  other  simple  enlargements  of  the  follicular  tissue,  namely,  that 
it  is  only  in  the  former  that  sloughing  tends  to  follow  upon  the 
infiltration. 

The  superficial  erosions  so  often  met  with  on  the  mucosa  of  the 
ci>lon  are  of^en  called  folUadar  ulcers.  It  is  ipiestiomible,  however, 
whether  these  all  arise  in  connection  with  the  lymph-fed licles.  They 
•re  usual  1}'  too  superficial  to  be  accounted  for  in  this  way.     They  are 
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more  like  loculisetl  eczeinAious  ftpf»t9,  if  ' 
one  may  fto  chjimcteiisf  them,  than  truft 
ulcers  following  ujinn  ;%  lieep  M^nUnl  in- 
filtration of  the  giantU  in  ihe  mticu^A. 

It  i*  «  remArkftKle  hdH  us  y4»t  iinf«x]»UiniHl  fart 
ihat  the  ty  in  ph- foil  teles  of  the  ileum,  wluVli  ap^ 
fvimitly  9trm   to  \w  Tmtliiiig  nn*nt    than  littlr 
lyTiit>h*{fUn(lNcoiiliectefi  Hith  th«<ahutuUitt  plexun 
of  lyinpliJiHes  in  the  irtTivHtirinl  uall.  nrv  rimcli 
more  myt  to  Weonie  syifjpathvtleally  eiiUigwi  iii 
«iiv<?ii»e  lh»ii  tUo^e  uf  the  ^Jitm-iiite^tiiiMl  trmd  I 
* Im"v\ !i»'n«,      Thu«  lh*i  itilH'huUi,  (ypli*»j<L  niiil " 
oniiiiAjy  fte^itic  fmUiiti^  all  lend  tn  fix  ijjkih  tho  I 
glatiils  of  the  ileum  in  preferuiice  tn  thoan  in  tti«  J 
•tl<?itiArh.  ilurKt*.«iitini,  ji'jtuiuuii  or  owlcni. 

It  Uwiiil  by  I*Avy  that  tlio  P«<y»'r'ii  |mtrh««  atul  ! 
mefUtMjy  folliclf!*  iti  the  jnip  ljcH^om«  ehlMJ^'*-!  "H'I 
mow  raiK-uUr  nniler  «  rfiW  of  eattt-ntg*' 


m 
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Tvi'HiMH    Ff;\LK 

860.  In  typhoid  fever  t\w  chief  aiijdi 
primary  lesion  i»  locatcil  in  the  intpp^tine  ^ 
and  mostly  in  the  ileum.  The  f-tomiiebi 
duodenum,  and  jejunum  are  mrely  affected, 
and  the  large  intestine  not  miirly  so 
comnmnlyaR  the  ileum,  altluHijjb  oftener 
tljjin  the  jejunum.  The  lower  end  of 
the  ileum  is  the  iH-ml  ot^ntu-  iti  thr 
*iim. 

Anatomical  Description.  —  The 
follinihtf  fflaivh  are  the  t»eat  of  it,  and,  aa  | 
before  mentioned,  both  the  i^ilate^J  nnd 
agminated  glands  are  atTected  The^e 
^'land*!  enlarge  ami  project  visibly  from 
the  mucosa.  The  in  tilt  mi  ion  'x%  wA  par- 
ticularly hanl*  not  »f»  luinl  as  that  of  tk\ 
rf>mmenrin^  intestinnl  tnbrjTle. 

The  Peyer's  patches  have  a  gray 
ct)hMir  ami  ii<va.siou!illy  a  little  hyjwm'mia 
i**  notictni  annmd  thcm^  hut  not  always. 
Sr»metime«  the  intiltniiion  of  a  patch  ]§  I 
partial,  so  that  \U  middle  thiixi  or  one  , 
etui  i»  elevated  while  the  rest  of  the  patch  ] 
if!  unaltered. 

7"hf  caM»  of  the  swelling  is  mainly  a  I 
iktimli  r*fHwi  crii  infilfrtfii'fn  uf  the  glands 
alone  (Fig.  401),  or  of  thef*e  with   their 
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has  destroyed  the  mucosa  and  submucosa.  If  the  disintegnUion, 
however,  has  been  partial,  shaggy  masses  of  necrosed  tissue  may  stilt 
be  left  udhei*ent  and  give  the  Hi^or  a  rough  aspect  The  edges  are 
more  or  le^s  unattached  ami  float  when  placed  in  water.  In  some 
ca^^ea  the  surroundings  may  he  Longested,  hut,  as  in  the  earlier  staije 
of  the  lesion,  this,  after  death  at  least,  may  he  entirely  wanting, 

Th^  urmis  coat  of  the  bowel  so  long  as  perforation  has  l>een 
avoided,  shows  little  alteration.  There  is  an  absence  of  the  stellate 
cicatrix -like  patch  with  tuljercles  in  it  ehai*acteristic  of  intestinal 
tuberculosis. 

Tfie  disintegration  seldom  goes  farther  than  the  muscularis.  One 
of  the  great  dangers,  however,  to  be  feared  is  that  it  extends  more 
deeply  and  occasions  a  perforation.  The  perforation  varies  in  size 
from  a  mere  point  to  a  ragged  sloughy  opening  half  an  inch  in  diameter. 
Fiecal  matter  has  escape*!  from  it ;  hut  the  perforatiMU  may  become 
tempomrily  closed  by  eti'usiori  of  lymph,  with  or  without  ailhesion  of  a 
loop  of  bowel  or  of  some  neighlKniririg  vi.scus  ;  so  that  on  exposing  the 
ftlidomen  the  aperture  may  l>e  found  witii  diihculty. 

Unless  the  escape  of  faecal  matter  is  liraitetl  by  surrounding 
adhesions  it  usually  causes  death  from  peritonitis  within  a  few 
llOUr?,  If  conhned  to  the  vicinity  of  tlie  perforation,  however,  the 
immediately  fatal  issue  may  tor  long  be  warrlrnl  mH',  and  an  abscess 
form  in  the  pouch  of  peritorietim  at  the  p<.»int  of  escape.  This  may 
discharge  externally  and  recovery  take  place.  The  chances  even  Iiere, 
however,  are  that  the  indiviiiuul  will  succundi  to  an  intercurrent 
attack  of  general  peritonitis  or  to  septic  poisoning. 

The  isolated  or  solitary  follicles  go  through  the  stages  of 
inHltratiori  and  sloughing  ulike  with  the  Feyer's  patches.  The 
resuUmg  ulcrrs  remain  discrt-tt"  and  have  not  the  same  tendency  to 
jfcerfonite  as  those  located  within  tlie  [latclies. 

The  lesion  within  the  larg'C  intestine  consists  in  an  inHltmtion 
and  ulceration  of  these  solitary  follich.s  sometimes  to  such  an  extent 
that  thoy  kK)k  from  their  projection  aral  shape  like  small  iMjlypi, 
Wh<rTn  this  is  the  ca.se  similar  intiltratLnl  follicles  will  probatily  also  he 
found  in  parta  of  the  small  intestine  other  than  tiie  ileum.  And  even 
in  the  stomach  itself  corres[wri(liijg  nodular  jvrojections  may  be 
notice*!  rarely,  genexiiUy  with  an  eroded  and  ha^monhagic  depression 
in  their  centres.  It  is  seldom  that  the  lesion  of  the  large  intestine 
extends  to  the  rectum* 

The  appearance  of  the  caput  caecum  in  some  instances  resembles 
that  of  a  mali^mant  sore  tluoat.  The  entire  mucous  memhrane  is  iu 
a  sloughy  cnrjdition.  The  slough  is  ashgray  coloured  or  is  stained 
yellow  or  olive-green  with  bile.  Kemnanta  of  fiecal  matter  may  be 
seen  mlherent  to  tlie  shreddy  surface. 

Healing  of  the  Ulcers.^The  ulcers  lieal  without  cicatricial 
contnietiori.  Stricture  of  the  bowel  from  typhoid  is  a  thing  almost 
unheard  of.     The  surface  is  said  to  become  covered  with  hue  granu- 
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lations  f»ver  which  the  epithelium  ultimately  spreads.  It  is  rare» 
however,  U}  meet  with  the  flisen^e  in  thift  gnintilnLing  stage,  ao  much 
«0  thftt  the  healirtg  of  the  ulcer  by  ordinary  gniiiulAtion  nii^bt 
reaBtJiuibly  he  dimljletl  It  seems  rather  aa  if  the  fluor  af  the  ulcer 
*im])ly  iitnierworit  a  process  of  cleaning,  that  a  thin  hiyer  of  embryaui^H 
cicatricial  tititiuc  came  to  cover  it,  ami  that  epithelium  in  course  o^^ 
time  ftprciid  over  this.  The  layer  of  cicatrix  res^uliiiig  from  the 
further  organis;ition  of  the  young  cicatrix  m  m  delicate  that  it  doea 
not  tend  to  constrict  the  channel ;  it  simply  inducer  a  slight  deprcd* 
aioD  on  the  mucosa, 

Tba  cicatrix  usually  becomes  pigmented  ;  the  pigment  is  distributed 
in  small  dark  gniy  f>r  black  points  ;  and  the  outlines  of  the  missing 
Feyt-*r*8  patches  are  thus  pernuineutly  demarcated, 

Haemoirhagic  Typhoid — In  certain  csujes  of  typhoid  there  is  a 
great  tendency  U)  hii*niorrlui^'e  almost  throughout  the  entire  Ijody. 
The  skin,  conjunct! va\  tonsil,  larynx,  serous  membranes,  stoiuacb. 
bowel,  etc.,  are  idl  the  scat  of  purpuradike  hiiniorrhagi^s,  and  hieiunr 
rhagic  infarction  masses  may  be  found  in  the  lung. 

Glandular  Enlargement — In  ]»ractically  every  ca^e  of  typh  licl 
the    mfsrntrrtr    (ilmidi   will    be  found    more  or  less   enlarged,      Wher^ 
there  is  a  hu^morrhagic  tendency  the  enlargement  may  lie  so  genei 
that  the  case  may  be  nuataken  for  one  of    (acute)  Hodgkin's  tlisea- 
Kven   the   glands  at   the   l>end  of  the  olbow  may  be  distinctly  fel 
through  the  skin  in  such  a  case;  and  those  of  the  groin,  axilla,  *ind 
neck  can  be  felt  aggregated  in  masses  or  running  in  chains.     The 
meeetltaric  glands  are  sometmios  enlarged  to  such  an   extent  as  to 
occasion  in  appearance  resembling  that  of  a  lobulnted  tumour. 

The  lymphadcnoid  tissue  of  the  tonsils  and  tongue  app^un  to 
suffer  eqtially  with  the  lymph -glands  elsewhere.  The  tonsils  ai 
swollen  to  the  siw?  of  small  walnuts,  and  the  acce>^stiry  tonsils  at  tb 
root  of  the  tongue  [iroject  as  globose  masses.  The  fact  that  iht- 
tonsils  l>eeomo  {twoUen  in  an  early  btuge  of  the  disease  may  leail  Iti 
the  disease  l>eing  confounded  with  diphtheria.  Many  of  Uie  usuiU 
symptoms*  such  as  dianha^  may  be  absent,  a  state  of  matters  which 
is  very  misleading.  The  tcmficmture,  even,  may  be  subnormal. 
Indeed  there  is  jxirhajm  no  di»rikfto  in  which  the  classical  phenomena 
n»ay  fail  s*i  fre<jUi»ntly  Jia  typhoid  ;  it  is  often  only  at  the  pmi-mttri^u* 
examinatiijn  that  the  tnto  nature  of  tlu*  ease  is  revealed. 

Pyxmic  Tendency, — Htemonhagic  caries,  more  especially  where 
combined  with  excessive  glandtdar  enlargement,  have  a  pyannic 
tendency.  Huge  infarctions  are  sometimes  found  in  the  spleen,  which 
are  on  the  point  of  breaking  down  into  pyiemic  like  aV»»?cesse». 
Similar  d*-'|MiMirA  ninv  l»o  ^*.%n\  in  the  lungs. 

Condition  of  the  other  Organs. ^.^  Mnhtr  in- juttch^ pntumtmui^ 
usually  of  a  sub^roujmus  ty[H3  ami  with  a  tendency  to  fc»nn  pya*mic 
infarcts,  is  a  commcm  pulmonary  complication.  The  spleen  is  incresised 
in   fixe   and   somewhat   l»ulpy,  and   infarction  like   masses,  as  liefoi 
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meDtioned,  may  be  found  in  it     The  Ik'^r  may  be  much  enlarged, 
apparently  frum  fatty  iiifihnLtion  uruiuul  the  sublobular  vein.     There 
are    often    minute    deposits 
within    it:     these    uie    de- 
scribed 
The 

nuiv 


The    thin    muscles    uf    ih 
fihdomlnnl  wall  and  the  ml- 
dnciors  tjf  the  thiijhs  mid  ergo 
a  colloid  change  (see  S'*  i 
1S5),   which   gives    theiu    ;i 
palJi<l  fish- niuijcle'l ike  itspect. 

The  contents  of  the 
bowel  are  usually  bright 
yellow  in  colour  and  liquid 
in  consistence  ;  but  it  cannot 
l)e  too  strotigly  emphasised 
that  the  absence  of  these 
feattircs  must  not  be  held  as 
exchnling  the  possibihty  of 
typhoid  fever.  The  contents 
of  the  large  intestine  are  sometimes  hard  and  scybalous. 


Flu.  403,— TrFHom  Ixfiltvation  or  Ixnsrixe  (Zei««« 
HoMoo.  Ism,  |»j ;  OcrLAB  No,  4  ;  xi>50  Dijvxs.) 
Tlw  «p|H»r  iwkrt  of  the  figure  reprefl«?nU  the  *ubmac^wi 
ii}|)Itmt4*Hl  with  the  typhoid  b«citlu»;  Uie  lower  part 
th«  tnu^cuIftriH.  Tlie  liaclUuH  tii  the  iiiucfi«a  in  iwiiily 
ouutAtne^l  nithiii  the  siiiaU  roiifid  cellK  liitUtrfttiiiK  tJie 
imrl.  (tjtAint,'d  in  wiirm  methyl -violet  *»ltillcn» ; 
wftiibeil  out  in  alcohol ;  cliiritied  in  oil  of  cloves ;  An<l 
iuofiDt«Ki  in  Itabtam). 


The  Tifphnd  Micmphyk, 

Morphology. — The  discovery  of  what  is  now  regarded  by  every 
one  v^  the  apecilic  organism  of  typhoid,  appears  to  have  lieen  made 
about  the  same  time  by  Klebs  (No.  104»  xii  1880, 
lU^  ^  p,  231  :  xiii-  1881,  p,  389),  Kberth  (No.  13,  Ixxxi. 

1880,  p.  bS\  Knil  Ixxxiii.  \m\,  p.  \m),  and  Koch 
(No,  44,  i.  1881).  To  Ebi'ttii,  iiruhalily,  chief  credit 
is  due.  He  not  only  descril>od  the  morphology  of 
the  organism  accurately,  but  also  indicated  how  it 
s[ireads  thrnnghout  the  liody,  the  time  at  which  it 
is  mo.^t  abundant^  and  many  other  points  of  essential 
interest 

The  organism  in  question  is  a  sluni  rod  (Fig.  404) 
vvliose  description  closely  eorre^ponds  to  what  used 
lu  lie  called  '* bacterium  temio."  It  is  from  2  to  3/i.  long  and  07  to 
0*9  broad — that  is  to  say,  it  is  from  a  fomth  to  a  third  the  length  cif 
the  long  axis  of  a  coloured  blood-cori)uscle  ;  and  about  three  times 
afl  long  a^  broad*     In  old  ty|>hoid  infiltrations  of  organs  threntl  fonna 
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can  also  sometimes  be  detected  (Klebs).  The  ends  of  the  bacillus  are 
rounded  ;  and  in  the  centre  of  the  rod  a  dear  sjHice  can  often  be  seen, 
due  apjKirently  to  retraction  of  the  protoplasm  to  the  two  poles.  This 
must  not  be  mistaken  for  a  spore.  When  cultivated,  the  bacillus,  it 
is  said,  does  sometimes  develop  a  SjHjre ;  it  is  located  at  one  end 
(Gatfky,  No.  44,  ii.  1884  ;  also,  Eng.  transL,  N.  Syd.  8oc.  188G,  p,  221). 
Nevertheless,  several  observers  deny  that  typhoid  ever  pro<luces  true 
spores.  AVhen  suspended  in  a  drop  culture  the  organism  exhibits 
lively  snake-like  movements  due  to  lateral  flagella. 

Staining^. — The  typhoid  bacillus  is  somewhat  ditiicult  to  sUiin. 
It  decolorises  by  Gram's  methofl,  but  if  sections  containing  it  are 
allowed  to  remain,  {»re\'fous  to  staining,  for  ten  miinites  in  a  ^  per 
cent  solution  of  corrosive  sublimate,  they  retain,  the  colour  (Wood- 
head,  No.  588,  p.  195).  They  can  be  stained  in  Jj^Jflfrs  methyJem 
blue,  composed  of  one  volume  of  siiturated  alcoliolic  solution  of  methy- 
lene blue  in  three  volumes  of  a  1-10,000  solution  of  poUish.  They 
can  also  be  stained  in  Zirhl'XfflsfHs  solution  of  ftuhsin  (see  vol.  i.  p. 
13C).  Kuline's  method  is  to  place  the  section  first  in  a  siiturated 
solution  of  oxalic  acid,  wasli,  and  stain  with  methylene  blue  dissolve^! 
in  a  1  jHjr  cent  solution  of  ammonium  carbonate.  The  ditt'erent 
solutions  arc  the  better  of  iKjing  wanned  Iwfore  use. 

Artificial  Culture. — It  grows  readily  on  a  number  of  different 
media.  One  of  the  most  characteristic  cultures  is  that  obtained  on 
nutritur  tjrlatine.  A  surface  growth  on  this  does  not  appear  before  the 
second  or  thinl  day.  It  slowly  assumes  the  character  of  a  delicate 
grayish-coloured  film  of  almost  equal  thickness  throughout  (see  Coloured 
Plate).  The  lower  end  of  the  culture  is  rounded  and  outspread  while 
the  margins  are  indented.  A  puncture  inoculation  is  limited  to  the 
tnick  of  the  needle,  and  becomes  slightly  brown-coloured  in  from 
fifteen  to  twenty  days.  The  typhoid  organism  does  not  liquefy  the 
gelatine. 

Although  the  growth  is  retarded  by  the  addition  of  a  small  i)er- 
centage  of  carlnjlic  acid  to  the  medium,  it  is  not  entirely  {)rohibited  by 
it  (Eberth).  In  carbolised  gelatine,  for  inst-ance,  the  colonies  do  not 
api)ear  until  the  fourth  or  fifth  day  instead  of  upon  the  second  or 
third. 

Grown  upon  media  coloured  with  aniline  dyes,  it  gradually 
absorbs  the  colour  so  that  the  medium  becomes  decolorised.  Fuchsin 
gelose  kept  at  39'  (\  is  m<»st  suitable. 

The  organism  also  thrives  readily  upon  (jdtisp  and  potnto.  On 
{)Otato  it  cannot  be  recognised  with  the  naked  eye  even  where  the  culture 
is  luxuriant.  The  only  indication  of  its  presence  is  an  appearance  of 
moistness  of  the  surface.  The  acidity  of  the  potato  appe^irs  to 
encourage  the  growth ;  the  organism  throws  out  an  acid  not  an 
alkaline  serretion.  The  most  favourable  iein]>er(ituri'  is  from  25  to 
35    C. 

The  spores  resist  a  temperature  of  90"  but  are  killed  at  one  of 


Fiii.  491. — Bacillus  of  Typhoid  Fever.  Surface-culture  on 
peptone-gelatine.  The  growth  takes  the  fonii  of  a  jmle  gray  film.  Its 
margin  is  indented,  and  the  lower  end  tends  to  spreiul  out  in  a  spatula- 
like  manner.     (See  page  528.) 

Fig.  492. — Koch's  Spirillum  of  Asiatic  Cholera.  Puncture- 
culture  on  peptone  gelatine.  Notice  the  bell-like  character  of  the 
upper  part  of  the  area  of  liquefaction.     (See  page  550.) 

Fro.  493. — The  Fixkler-Prior  Spirillum.  Puncture-culture  on 
peptone-gelatine.  There  is  the  same  bell-like  area  of  liquefaction  as 
in  that  of  Asiatic  cholera,  but  the  liquefaction  proceeds  more  rapidly, 
and  later  on  fonns  a  funnel-like  cone.     (See  page  550.) 

Fk;.  494. — Metchnikoff's  Spirillum.  Puncture  -  culture  on 
peptone-gelatine.  Tlie  bell-like  area  of  liquefaction  is  less  well  marked 
than  in  the  two  foregoing.     (See  page  560.) 
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100°  C.  The  best  temperature  for  the  potato  gi'owth  is  from  38°  to 
40'  C.  Cultures  preserve  their  vitality  for  long  when  dried,  probably 
owing  to  their  having  developed  spores.  At  comparatively  low 
temperatures  the  bacillus,  even  when  sown  upon  potato,  usually  fails 
to  spore.  At  about  30°  to  40°  C,  however,  spores  are  invariably  seen 
in  the  bacilli  on  the  third  or  fourth  day.  They  are  always  at  the 
extremities.  The  lowest  limit  at  which  it  will  sjiore  appears  to  be  20° 
C.  At  a  summer  temperature  it  spores  comparatively  freely  and  on 
various  media. 

When  cultivated  the  bacillus  not  only  develops  spores  but  grows 
out  into  long  threads. 

It  thrives  readily  upon  milk.  Upon  sterilised  drinking  water 
Wolflfhugel  and  Riedel  (No.  603,  i.  1886,  p.  455)  found  that  the 
organism  not  only  retained  its  vitality  but  continued  to  multiply.  It 
is  probable  that  the  disease  is  disseminated  chiefly  through  these  two 
articles  of  a  dietary.  It  is  difficult,  however,  to  separate  it  from 
drinking  water. 

Distribution. — Within  the  sloughs  on  the  intestine  the  typhoid 
bacilli  are  mixed  up  with  numbers  of  others  which  are  incidental  to 
the  intestinal  contents  and  have  nothing  to  do  with  the  causation  of 
the  disease.  In  the  follicular  tissue  which  has  undergone  prolifera- 
tion, however,  an  almost  pure  culture  of  the  organism  may  be  found. 
It  lies  among  the  lymph-cells  and  is  easily  recognised. 

The  mesenteric  glands  show  it  almost  as  abundantly,  and 
masses  of  it  may  be  detected  within  the  liver,  spleen,  and  kidneys 
with  great  regularity ;  more  rarely  within  the  blood-vessels  of  other 
organs.  It  is  not  easily  found  within  the  blood  itself.  It  has  been 
alleged  to  proliferate  in  the  body  after  death. 

They  are  much  less  numerous  in  the  dejecta,  but,  as  shown 
onginally  by  Pfeiffer  (No.  11,  iv.  1886,  p.  706),  they  are  not  absent. 
The  typhoid  bacillus  seems  to  diff*er  from  many  others,  such  as  that  of 
cholera  asiatica,  in  the  fact  that  it  does  not  fructify  liberally  within 
the  contents  of  the  intestine.  Its  seat  of  growth  is  the  follicular  tissue 
of  the  intestinal  wall  and  the  blood-  and  lymph- vessels  of  distant 
organs.  Its  presence  within  the  discharged  intestinal  contents  is  to 
be  explained  more  by  its  being  thrown  off  accidentally  from  the  in- 
testinal wall  than  by  its  reproducing  itself  to  any  great  extent  within 
the  contents.  The  two  great  media  by  which  the  disease  is  com- 
municated, nevertheless,  are  the  fcrcal  discharges  and  the  urine. 

The  bacilli  are  more  abundant  during  the  flrst  and  second  than 
towards  the  end  of  the  third  and  during  the  fourth  week  of  the 
disease  (Eberth,  No.  13,  Ixxxi.  1880,  p.  70). 

Poisonous  Secretion. — Brieger  has  alleged  that  the  organism 
secretes  a  toxin  (typhotoxin)  which  he  has  been  enabled  to  isolate.  It 
is  secreted  only  in  small  quantity,  and  is  occasionally  present  in  the 
urine  when  albuminous  and  when  the  kidney  is  infected  with  the 
;anism. 
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Inoculation. — Most  attompta  to  inoculate  the  luicrophyte  upon 
the  lower  aniniHls  have  failed.  Tht»re  is  no  animal  which  H{)[»aienl]y 
takes  human  typhoitl.  The  pig  suffers  from  a  disease  which,  in  the 
locality  and  nature  of  the  inteBtinal  lesion  accompanying  it,  resembles 
that  of  iMan.  The  pig,  however,  when  fed  on  typhoid  dejecta,  does 
not  fall  a  victim  tu  ty[)huid  fever  Chanteme8«e  and  Widal  (No,  -423, 
ii.  1888,  \i.  54)  allege  that  they  have  conferred  the  disease  upon  white 
mice  by  inoculation.  The  bacillus  was  taken  from  the  human  «plecn 
and  Bown  for  three  day«  on  ]K^ptonistd  l»ouilIon  at  a  temperature  of 
37'  i.\  Four  drops  were  inject eti  into  the  peritoneum.  In  thirty-six 
hours  all  the  mice  employed  were  dead.  The  intestine  was  fountl  to 
He  filled  with  diarrhtejd  liquid  and  the  spleen  was  enlarge<i<  Th«? 
intestine,  they  state,  was  in  a  condition  alike  with  that  of  human 
typhoid.  The  spleen  and  tiie  medulla  of  Ixine  contained  typhoid 
hactlh.  A  sterilised  and  filtered  culture  of  typhoid  bacilli  injected  into 
the  alxlomen  renders  the  mouse  immune. 

Cygnaeus  (No.  4^2,  vii.  1890,  p.  375)  also  alleges  that  he  haa 
conveyed  typhoid  from  Man  to  animals  such  as  the  dog,  rabbit,  and 
mouse,  through  tlie  medium  of  imrv  cultures  upon  ]>otato.  The  cultures 
were  administered  by  the  m»mth,  by  intravenous,  intraperitoneal,  or 
iritraduodenal  injection,  or  by  inhalation.  The  lesions  were  very 
much  the  same  ha  in  typhoid. 


Flo  TvpHoin. 

861.  Under  thU  designation  sppftrentlj  aerend  diseues  of  tlio  pig  bar«  been 
(XkiifouncUil  on  Account  of  their  all  being  accompftiiicd  by  a  mi^iuily  entjitioti  on  the 
ftkin.  Tliv  rariouA  didM£e#  wliicli  have  le^t  to  tliU  disordered  clftuiAcAtion  ar* 
cliiefly  wli4l  an*  known  aa  Kouj^i*t  du  pore*  Mat  rouge,  llou^fKilo  dti  jioixv  Kryvip^U 
da  ftotft^  Rothlauf,  Bwinci  fc^irpr,  Seliweinaeuche,  Sirino  plajiO^f^,  Hog  cholera,  cto, 
A<N:!ordtng  to  Maci^  (No.  5St)  thcM  title*  intiludi*  tlircc  distinct  and  aejiarahle 
air«Jti"n"i— nanitdy,  il)  Kougct  *iu  i>i»r<',  (2)  r*ijemnf»ent«nti«  of  tlie  pig,  and  ;3)  Pig 
oholi^m. 

Rouget  du  Pore— Irregular  b\w{%  or  [latchm  of  a  hhI  colour  occur  njion  the 
akin  of  the  t^nt,  bruaat,  l>t*lly,  ^nA  )iinc*r  avfxiet  of  i\w  thigh •«.  There  i»  alio  evidence 
of  acute  intei^ttual  irritation.  After  dr«th  tho  .'iplocii  h  found  to  b«  cnlargi^, 
congtated,  and  diMuent  ;  thr  liver  and  all  the  lyniph'glaiidi  are  congested  ;  the 
blood  la  dark,  Pant^ur  and  Thnillinr  (No.  iO,  xcv.  ]8ft2»  p.  1120)  have  demonptrated 
a  figure  of  eight  (diploi:tjecU£}  organ iJim  in  the  blooii  and  exudatinus.  Thf'y  have 
euliivat«d  it,  and  have  alao  attenuated  it  in  such  a  manner  a«,  they  say,  to  provide 
a  vaeeina  a^nat  the  liiad^aae.  Thit  organism  n^iiiainn  coloun*d  after  Granri  method 
of  doooloretiou.  When  inoculat<*d  on  thr  pigmjn  ita  viruliinctt  ia  increajod,  upon 
the  rabbit  it  ia  deercaicd.  After  il  has  been  paaied  several  timea  tltrougb  tli9 
tabbit  the  poison  is  so  attenuate^l  for  the  pig  that  it  oonveyM  the  diicaae  in  a  mild 
form  to  that  aniuml,  hut  in  anch  a  form  ai  to  protect  the  aidioal  from  a  future 
attark  of  the  natuml  ttmla^ly. 

Pneumo-enteritis  of  Pig.— This  is  the  diseaAc  which  in  Great  Britain  goea  by 
the  name  of  pig«t7photd.  It  was  for  long  confounded  with  tl»e  forfgoing.  It 
U  iometinica  called  n^niagious  or  infectfoua  pueuuionia  of  the  pig.     It  is  a  highly 
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coDtagiona  disease,  and  most  animals  affected  by  it  succumb  in  from  ten  to  thirty 
days,  usually  with  a  fibrinous  pneumonia.  At  other  times  the  lung  complication  is 
of  secondary  importance,  in  which  case  the  disease  manifests  itself  chiefly  in  an  in- 
testinal lesion. 

The  lesion  of  the  intestine  is  most  evident  in  the  lower  part  of  the  ileum  and 
commencement  of  the  colon.  It  shows  itself  in  numbers  of  nux-vomica-seed-  or 
button-like  elevations  on  the  mucous  membrane.  These  consist  of  infiltrated  lymph- 
adenoid  tissue  existing  naturally  in  the  mucous  membrane.  The  appearance  is  very 
like  that  of  human  typhoid,  with  this  exception,  that  the  raised  patches  have  not  so 
much  tendency  to  slough. 

The  blood,  and  more  particularly  tlie  exudation  into  the  lung,  contains  numerous 
short  bacteria  with  round  extremities,  1  a*,  to  2  /*,  long  by  3  au  broad.  The  organism 
is  usually  held  to  be  immobile ;  some  say  it  is  slightly  mobile.  It  is  generally 
aerobic  and  grows  most  freely  in  air,  but  can  also  develop  in  an  atmosphere  deprived 
of  oxygen.  Injected  into  the  lung  it  occasions  the  disease,  accompanied  by  both  the 
pulmonary  and  intestinal  lesions.  It  induces  a  fatal  result  when  injected  into  the 
system  of  rabbits,  guinea-pigs,  and  mice. 

Pig"  Cholera  {peste  porcaiiic). — This  is  known  in  Germany  as  "Schweinseuche." 
What  is  called  "American  Swine-plague"  seems  to  be  alike  with  ordinary  pig- 
typhoid  or  pneumo-enteritis. 

The  microbe  characteristic  of  this  disease  is  a  short  rod  with  round  extremities. 
It  also  occurs  in  oval  or  almost  round  forms.  It  is  always  immobile  ;  it  does 
not  colour  readily  with  aniline  dyes ;  nor  does  it  liquefy  gelatine.  The  blood 
contains  it. 


Tubercular  Intestine. 

862.  Tubercle  commences  either  as  a  disease  of  the  serous  coat  or 
as  one  primarily  affecting  the  mucous  membrane.  In  the  former  case 
it  constitutes  part  of  a  general  peritoneal  tuberculosis ;  in  the  latter 
the  disease  is  almost  always  a  sequela  to  pulmonary  phthisis.  In 
children  a  primary  eruption  of  tubercle  may  occasionally  be  seen  upon 
the  mucosa  along  vdth  a  widespread  secondary  eruption  of  tubercle 
throughout  the  peritoneal  cavity.  These  cases  have  probably  been 
caused  by  the  consumption  of  ingesta  infected  with  the  tubercle 
poison. 

Tuberculosis  arising  in  the  Mucosa. — The  pulmonary  phthisis 
(tubercular  pneumonia)  with  which  the  disease  is  commonly  associated 
is  usually  in  the  excavating  or  ulcerating  stage.  The  main  seat  of 
the  disease  is  the  caput  ccecum ;  it  diminishes  in  frequency  upwards 
and  downwards  from  this.  The  projections  of  the  valve  show  it 
first ;  it  assumes  the  character  of  a  nodular  deposit  with  a  tendency 
to  ulcerate.  The  first  thing  seen  is  a  number  of  little  projections 
(tubercular  lymph-follicles),  hard,  raised,  and  frequently  yellow  at  the 
summit  from  caseation ;  they  are  often  widely  separated  (Fig.  405). 
They  soon  begin  to  ulcerate  from  the  caseous  tip  softening,  and  a 
small  volcano-like  excavation  results.  If  several  of  these  should  lie 
closely  together  they  tend  to  fuse,  and  thus  give  rise  to  an  ulcer 
having  the  following  distinctive  characters  : — 
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coat  becomes  thickencHl  by  deposit  of  cicatricial  tissue  opposiUs  ilic 
tllcer.  The  serous  rosit  is  usually  not  mticli  altered  unless  at  points 
corresponding  to  ihe  ulcers,  Hert^,  if  thi*  ulcer  be  of  uuy  standing,  a 
cicatricial  stellate  milk}^  puteh  «ill  In?  found  in  wliicli  Kcvenil  gray 
tuWrcles  arc  embedded  (Fig.  407).  The  tubercles  often  radiate  from 
A  point  m  the  &eroaa  corresponding  to  the  centre  of  the  tioor  of  the 
ulcor,     A  tubercuhir    «mall-ccll  deposit  (Fig.  406,  k)  c-an  be  traced 
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running  in  lines  through  the  nmscttlaris  out  to  the  (mbserotis  coat, 
trident ly  along  tlio  track  of  lymph-paths.  It  i?nplicates  the  lymphatic 
vauoU  of  that  Rtmcturc,  causes  a  thickening  of  thom»  and  gives  ri«o 
to  the  cicairix-ltke  Appe^inmcc  ju«t  referreil  to. 

Tl»e  mucosa  surrounding  the  ulcerati^d  part  amy  lie  congested, 
but  the  remainder  of  the  intestine  ii  not  neceHHarily  m, 

Tlie  extent  to  which  the  deAtruction  huA  Hpread  in  sometimes  so 
great  that  there  is  bai\lly  sufficient  mucosa  left  to  separate  the  one 
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ulcer  from  the  other.  The  condition  of  the  intestine  under  such  cir- 
cumstances may  come  to  resemble  that  of  advanced  tropical  dysentery. 

The  disease  evidently  takes  its  origin  in  the  lymph-follicles.  These 
absorb  and  retain  the  tubercle  poison,  and  within  them  a  tubercular 
small-cell  deposit  with  giant-cells  soon  makes  its  appearance.  The 
deposits  are  rounded  and  circumscribed,  and  several  may  be  found 
within  a  single  nodule.  The  advent  of  caseation  destroys  the  struc- 
ture, and  reduces  it  to  an  amorphous  mass.  When  the  dead  materials 
are  removed  from  the  centre  the  tubercle  goes  on  spreading  at  the 
edge;  hence  the  hard  and  infiltrated  character  which  the  edge  usually 
bears. 

The  mesenteric  lymph-glands  are  always  much  enlarged  and 
tul>ercular  in  regions  corresponding  to  the  site  of  the  ulcers  in  the 
intestine. 

The  tubercles  all  along  the  alimentary  canal  tend  to  soften  and  to 
become  excavated  at  an  early  period,  probably  owing  to  the  intestinal 
juices  acting  upon  their  necrosed  centres. 

Lastly,  it  should  be  mentioned  that  the  ulcer  seldom  heals  com- 
pletely ;  if  a  partial  healing  takes  place  at  one  i)oint  the  infiltration 
tends  to  spread  at  another.  A  tight  stricture  of  the  bowel  may  be 
caused  by  a  ring-like  ulcer  cicatrising. 

Intestinal  Obstruction. 
Iniussimeption  (intus,  within,  and  suscipere,  to  receive). 

863.  This  term  is  applied  to  a  condition  in  which  a  contracted 
portion  of  bowel  slips  into  a  relaxed  portion  below.  The  intus- 
susception probably  never  occurs  in  the  opposite  direction.  The 
commonest  seat  of  it,  as  might  be  expected,  is  the  junction  of  small 
and  large  intestines.  The  narrow  small  intestine  protrudes  into  the 
more  capacious  caput  capcum  and  colon.  Some  portion  of  the  small 
intestine  is  the  next  common  seat ;  it  also  occurs  in  the  large 
intestine. 

The  cause  of  it  is  probably  irregular  contraction  of  the  bowel. 
The  function  of  the  circular  coat  of  muscular  fibre  is  to  contract  and 
elongate  the  intestine,  while  the  longitudinal  coat  widens  and  shortens 
it.  Hence  if  the  circular  coat  is  thrown  into  action  at  one  part,  the 
bowel  will  become  narrow  and  elongated  and  will  tend  to  be  pushed 
into  the  part  below,  more  particularly  if  this  be  relaxed  by  the  longi- 
tudinal layer  of  muscle  being  called  into  play. 

When  the  invagination  has  once  taken  place,  the  upper  segment 
of  bowel  tends  to  be  pushed  farther  and  farther  inwards.  The  portion 
pushed  inwards  is  known  as  the  volvulus  (Fig.  408,  d,  d\  w^hile  an 
outer,  a  middle,  and  an  inner  layer  are  distinguished  (Fig.  408,  a,  5,  c). 
The  outer  layer  is  sometimes  named  the  sheath. 

The   unnatural   position   of   the   bowel   impedes   the    circulation 
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withiu  the  volviilusv  and  in  coarse  of  tiino  extin*^ii8hcs  it.  The 
latt'er  cunsec^iiently  falls  intu  a  ^tate  of  gangrene,  sejiaratrs  from  its 
attachmf*ntJ5  abovt\  and  is  iTinoviul  prr  ftnitm. 
Sevitral  feet  of  bowel  may  thtis  Jwcome  d^tArhed. 
Tho  gntigrrmms  separation,  in  moat  cases,  is  not 
compli-to  Iw^forp  the  eighth  day.  Death,  however, 
usually  tiki's  place  ahout  the  fifth  clay  (Urinton)^ 
and  hfiice  in  sotp«  instance*  a  fair  chariee  of  the 
Bepanition  of  the  sloitgh  taking  t»laee  h  not 
affordeil.  Brinton  estimates  that  the  separation 
of  the  slough  occurs  in  one  in  every  two  (or  at 
most  three)  cases  (So.  461,  p.  47). 

Meanwhile,  and  previous  to  the  volvulus  sepa- 
rating, a  h)caltded  iuHanvmatioTi  of  the  adjacent 
f  erotis  surfaces  has  set  in,  whereby  a  fatal  rupture 
of  the  bowel  may  be  prevented.  An  annular 
I'ffnsion  of  lymph  occurs  at  the  point  k  (Fig.  408) 
which  eflectuaily  glues  the  jmrts  together,  so  that 
when  the  volvulus  hloughs  off  the  continuity  of 
the  lx)wcl  is  still  maintained 

Stercoraceous  or  tecal  vomiting  is  a 

symptom  of  intussusception  and  other  forms  of 
ititustmal  fibstniction.  As  long  as  the  volvulus 
remains  attached  little  if  any  fa^cjd  matter  passes 
the  i^joint  of  obstruction.  The  old  explanation  erf 
the  fa*cal  matter  firiding  it«  way  upwanls  wa» 
based  uj»on  stipposed  reverse<l  jjenstalsis.  Brinton, 
however  (So,  401,  p.  7),  showed  that  there  is  a 
double  cun'ont  as  it  were  in  the  movement  of  the 
intestinal  contents  in  such  cases,  an  outer  or 
descemling,  and  an  inner  or  central  ascending* 
A  double  movement  in  fact  rcsidts  from  the 
intestine  contracting  against  tho  obstmction  (see 


KM3.        lUn.  —  DlAOIUM* 

HATion  or  Tin  Oowitu 
(a,    6^   t)  Uotfr,    mltlftlK, 
«ckI  timtr  U>riii ;  (</,  it} 
tol  vuliM  wit  h  c»ijj(<^tr«l 
Dttaenttrte  vmmIj 

(ImtfiMl  lnt«)  It ;  (r)  «1J«- 

Infeu     lh«     liivai^natrcl 

|»r-       ^    ^'       '  '       (,lj 

(«)  Itoninti  or  ttuwrl 
bflow  plaint  nf  utMtfuc- 
linn, 


Fig.  400). 


Pod-morifm    Inrntjinnium, 


lovaginauons  of  the  small  intestine  are  frequently  seen  after  death 
in  children,  sometimes  in  adults.  They  tAko  place  probably  as  death 
appFoftches.  They  are  known  frnnj  the  foregoing  by  the  alisenco  of 
toflammatorj  reaction  and  l>y  their  l»eing  multiple. 

Olltrr  Fumm  of  Itttf.<timil  Ohintriimu 

.    664.  The  inlestino  sometimes  takes  a  twist  (volvulus  or  ileUB)  which 
,  JpbetualJy  ohitructd  its  ehannoL    The  loop  of  bowel  in  ^ueh  a  case  will 
08  found   loaded  with  diffluent  fcec^l  matter,  and  often  id  a    half- 
gMigreuous  couditioiL 
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Old  fibrous  bands,  the  result  of  a  former  peritonitis,  sometimes 
induce  a  strangulation  of  a  large  mass  of  bowel.  The  bowel  gets 
under  the  adhesion  and  becomes 
more  and  more  firmly  packed 
beneath  it.  The  band  is  usually 
attached  on  the  one  hand  to  the 
mesentery,  on  the  other  to  the 
abdominal  wall.  It  sometimes 
consists  of  the  omentum  rolled 
up  into  a  compact  rope -like 
mass,  at  other  times  it  is  the 
terminal  filament  of  a  diverti- 
culum ilei,  in  which  case  it  is 
fixed  to  the  umbilicus  by  its 
peripheral  extremity.  Obstruc- 
tion may  also  be  caused,  of 
course,  by  various  forms  of  con- 
striction, such  as  that  resulting 
from  tropical  dysentery,  tuber- 
culosis, or  a  cancerous  ring. 
At  other  times  polypous 
tumours  may  occasion  it ; 
they  sometimes  act  in  a  valve- 
like manner,  and  effectually  pre- 
vent the  passage  of  faecal  matter. 


Fio.  409.— Scheme  of  Intkstinal  Obstruction 
to  illustrate  the  peristalsis  of  an  obstructed 
Bowel  (after  Brinton). 

(a)  Stage  of  moderate  distension  with  forward  and 
l>ackward  currents,  as  indicated  by  the  arrows 
traversing  the  vhole  tube  above  the  obstacle. 
The  contracte<l  segment  of  bowel  below  the  ob- 
stacle is  represented  at  lowest  part  of  the  figure. 
(<f)  Stage  of  extreme  distension,  in  which  the  dilated 
and  i»aralysed  segment  above  the  obstacle  la 
scarcely  engaged  by  either  of  these  currents. 


DiARRHCEA  {Sidpfyoia,  a  flowing 
through). 

865.  The  watery  condition 
of  the  stools  in  diarrhoea  seems  to  be  due  usually  to  one  of  two  causes 
or  to  both,  namely,  failure  in  the  intestinal  contents  to  become  con- 
solidated as  they  enter  the  large  intestine,  and  augmented  watery 
efflux  from  the  mucous  membrane.  In  exceptional  cases  the  quantity 
of  mucus  given  off  by  the  intestine  may  also  be  increased,  thus  adding 
to  the  liquidity  of  the  dejecta.  Exalted  peristalsis  accompanies  the 
condition  and  causes  an  increased  tendency  to  expulsion  (Thiry). 

The  commonest  proximate  cause  of  diarrhoea  in  Man  is  the  applica- 
tion of  an  irritant  to  the  mucous  membrane.  This  induces  an  efflux 
of  liquid  and  excites  peristaltic  action.  The  irritant  may  be  some 
poisonous  matter  contained  in  the  food,  or  a  pathogenic  micro- 
organism. 

The  summer  diarrhoea  of  children  so  common  in  this  and 
other  countries  can  be  best  accounted  for  on  the  latter  grounds.  It 
seems  to  follow  regularly  in  the  wake  of  a  high  summer  temperature, 
and  is  commonest  in  damp  low-lying  districts.  Tlie  dejecta  in  such 
cases  sometimes  swarm  with  zoogloea  masses  of  what  appears  to  be  a 
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mirrotataLt,  Tiie  masses  assume  a  spherical  or  polygonal  fomu 
EschtTteli  ha«  isolated  a  eommn  -  Imu^UIus  from  the  dejecta,  which 
possesses  a  spirilhtr  ^hape  like  that  of  Asiatic  Cholera. 

Green  Diarrhoea, — The  dejecta  .sometimes  assiimo  a  prass* 
green  colour  iu  the  jjummcr  diarrhtTia  of  infants.  The  colour  ftpjM?arfi 
to  be  caused  hy  the  green  colouriug  mutter  thrown  imt  by  tho 
bacillus  fiuorfscens  mm  lufw/ndenA,  It  m  doubtful  whether  the  organism 
OAti  Iw  regardc*!  as  the  eanse  of  the  diarrhcea. 

Tomkitis  (No.  6,  1889,  ii.  p.  180)  states  that  the  atmosphere  of 
the  town  uf  Leicester  at  the  time  of  an  epidemic  of  summer  diarrhoea 
contained  iit  least  doiihlt?  or  treble  the  numher  o(  niicroljes  or  sporea 
compared  with  |>eriod9  before  or  after  the  epidemic.  Further,  that  in 
the  district  of  the  touTi  (lowdying  and  damp)  most  aflccted  ihcy 
were  fourfold  as  numerous  as  in  those  districts  of  the  borough  where 
the  diseaae  did  not  prevaU.  He  used  Hesse's  appnnitua  for  examining 
the  air, 

Thr  daiJy  qanatity  of  hocm  in  infants,  leeording  to  Forttcr,  Biedert,  Wcgschoitlor, 

ati<[  t'(r(*ltiiiitin,  aboutil  amount  to  about  10  grni«  From  100  gvm,  nourishitivQi  3  grm. 
ftfctA  ar«  gl?eii  otr.  Tbti  tiormal  colour  is  thiit  of  yolk  of  egg.  Alouj?  with  leM 
ftohd  4:onHtitiiMita  thor«  are  uaually  aome  fto-callcd  clota  conaistiug  of  fat  fuilta  of  lime 
aDtl  ttfiort't  of  fnngi.  Water  b  prewut  to  tlic  extent  of  84  to  86  \ter  cent.  AUniniin 
can  be  (l0t#et«(l  ooly  hi  amalt  quantity  aiid  tlirre  may  b«  tract«s  of  ]ieptoiii<.  The  faU 
are  in  the  form  of  neutral  fat,  fatty  acida,  ami  a^iap,  the  Utter  fh)ni  10  to  20  fvr 
ctot.  Teata  for  jiiigar  give  negative  rwiulta.  The  ash  yit^ldft  a  large  projioition  of 
Jime.  EpitbeUum^  mncui,  bile-<!oIotiri]]g  matter,  etc. ,  are  also  prrscnt  The  nomml 
ftaetion  in  infniit*  is  sMmrwhat  add,  whirfs^in  adulta  it  in  ueiiMJiy  slightly  alkaline, 
more  rarely  acid  or  ntf»u(ral  (Xothuagcl).  The  acidity  apin-ara  to  Imi  in  main  yiart 
caiuwd  by  lactic  acid.  "" 

^66.  A  peculiar  form  of  iutettinal  diatuibAnce  ia  somettmen  met  with  in  tropical 
and  auhiropicalclimatea,  commonly  known  as  ** sprue.'*  Thin  (Ko.  IdSrXXxix.  1887,  }i. 
aa7)  pfopoaea  to  i*jill  il  "  pRilosis  "  (^*X6f,  lian?)  from  the  nwneaat  or  barene$a  of  the 
uueoua  nivmbrane  of  the  tongue.  H  ia  often  accomii&nictl  by  diarrhiFa,  usually  by  an 
unnatural  rtHlnvviii  ^nd  aensitireneas  of  the  toujynie,  and  sometimes,  although  there  ia 
doubt  on  thin  matt«r,  by  albuminuria.  The  atb'ction  is  also  associated  with  great  de- 
liiUty,  probably  in  [lart  from  a  conaidemblt*  fMirtion  of  t)ie  proteids  paaaing  through 
the  intestine  undifpMted,  and  ia  liabU  lo  become  rbronic.  The  atat«  of  the  Intestine 
Uaa  not  been  ascertained  microscopically  ;  but  to  the  naked  eye  the  mucon  i^i  aafd 
to  bi  thin  and  atrophieiJ.     It  looks  aa  if  the  epithelial  surface  bad  di«ap{i«an»d. 

JM0Mimf$  on  intfsiiHAi  IHfjfMum,—B6k^  (\\*>\t'rwuU  4<f  Iiitestilia) :  Arch.  f. 
«^  Plath.  H.  11iarmakoL«  xxir.  1837,  p.  15:1     Brunton  and  Casli  (Abaorpti<»n  of 
G«a  by  Inteatine):  St.  Barth.  Hasp.  Rep.,  Lond..  xxii.  188<$«  p.  281».     Cash  Ju 
tttlirTfi)  Rf-*t  nnd  Moi**»inent) :  Vmc,  Rov.  fWic.  I^ud.,  xli.  l*4<«»  p,  212.     Eiczier 
(T.-  :   Arcb.  f  *1   gi^V    Phvjiiol.,   xxxiv.   li*H4,   p.  310       Hmj 

(A'  n  Alim<*nt*ry  f  niialh  Brit   Mi^l  .Trmm,,  1H92,  il  p.  12U4. 

Hciuciiuuni     ^;3.i       «;,i      till*     :    Art4i.  f.  d.  ^'         iv'         ^         '    -     '  SHS^    p.    ],    sujinb- 

hn.     Leubuschcr :  .^t  il.i.         Ktsorption  'U'**.  iH.^a.     MaJ- 

fAtti    r<<    4,r  <  r,:ini  Ainu  It  :j;  Sul»tAnec«  n.  i  .. i..:      .  .     ;  .Sit7.unk'>*l^  d.  k. 

\Vi%>,mmi  L.  Mat  II,  tiii'Hw,  CI.,  l«8-l,  Wi*'U,  xc.  1S85,  p,  323,     Rbhmann 
..  ttti*l   AI»Hotj,it.Hii  :  Anfi.  f.  <L  ges.  Phyaiol.,  xU.  INS*,  p.   til.     Rouch  : 
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Ai»plic-ati<in»  de  la  metliode  gmplnqiie  ii  qiielques  points  de  In  pliysiologie  du  gros 
lattMitm.  1885.  Schafcr  (Origin  of  rrot*'kis  of  Chyle  and  Absorption) :  Froc.  Roy. 
Soc.  Lone].,  xxxviii,  1HM4,  p.  87  ;  iiIm  (Abfiorption  Ity  Armitlxiid  i'rdls),  Interim t, 
Monaischr  f.  Aniit.  il  IlistuL,  iL  188fi,  p.  0,  Spee  (Movtinents  of  Villi):  Arch. 
f.  Aiiiit.  u.  Entw-ieklngj*gPbr;li.,  lH8.->,  ]»,  K*»f»,  VoJt  (Digestion  of  Celluloatf) :  >^itz' 
«iij5sili.  (L  k.-lMiver.  Akad.  d.  Wis.senHeh.  sen  Mhnchen,  1869.  p.  431.  Wtaz 
(Albtmiinous  Bodies  and  Int^^stinnl  Digits t ion) :  Ztsclir.  f.  Biol.^  iv.  1886,  p.  1. 

Litemiure  on  Micro-orjiijimna  of  jUhncntanf  CnnaL — Abelous  :  Cotiipt.  rend. 
Acad,  d.  Sc,  cviii.  1888,  i».  310.  De  Bary  (iMicro-orgnniwrns  in  Stoniach) :  Arch. 
t  exprr.  Path.  ii.  Pharmakol.^  xx.  iss,v,  p,  i;4'3.  Burkart  (Myv<»si.s  Intestiitalis) : 
FS<rrL  klin,  Woclin*ehr,,  x.  1S73»  p.  Mfi.  Capitan  and  Moraii :  L'ompt.  n-nd, 
Siie.  d.  Hiol,  ix.  1889,  p.  25.  David :  Les  Jlicrothes  de  In  Wtiehcs  18J>0.  Eschcricb 
(Ittte*4inal  Kaetjeriii  of  Infants):  t'ortaclir.  d.  Med.,  iii.  1885,  p,  515  ;  nhu^  Munclirn 
med.  Wmlmschr.,  xxxiii,  lSSt5,  p,  *i  ;  o!bo^  Arbeiten  ft.  d,  |iath.  Institut  zu  Miiiichcn, 
1886,  p,  1,  Falk  (Relation  of  Infectious  Siib^^tJtnws  in  AHmentaiy  Cftnal) :  Arch. 
f.  paith.  Anat.,  xciii.  1883,  p.  177.  Falkenheim  (Sardna) :  Areh.f.  exR  Patli.  u. 
PhiinuukoL,  xix.  1885,  p.  ^3i».  Goodsir  (Sjircinji)  :  Collrt  tod  Works.  M*radyeaii : 
Joiim.  Anat.  and  Physiol. »  xxi.  l88tJ'87,  p.  227.  Miller:  Die  Mikro-organisnien 
4l  Muudhohle.  1889;  af»o,  Ami^rirrtii  Tninsl.,  ISOO.  Netter :  Progies  nii'd.,  v. 
1897,  p.  63,  Ssmopsis  of  Literature  on ;  see  De  Bary,  Arch.  f.  t\xj>.  Path.  it. 
PhannAknU,  xx.  188t5,  p.  2*>tl.  Vienal  (Organisms  of  FsVcal  Matter  and  Action  on 
AltmeiitAry  Biibatances) ;  Ann.  de  Phyaiol.  iiomi.  ct  path.,  x.  1887,  p.  4fl5  ;  Comptes 
rend.  Acad,  d,  Sc.,  cv,  1887»  \u  311. 

Lit^tratittr  on  l^isffut^s  nf  Ihtitdennvu — Alloncle ;  De  ruk4reprforaiit  dadiio^kuiun^ 
1S8S.  Balfour  (.Simnle  Uker) :  Edin.  Med.  Jouni.,  xix.  1874,  p.  933.  BardeJeben 
(SiiTJple  Ulcer):  Arch.  f.  |vith.  Anivt.,  v.  1852,  p,  251.  Bucquoy  (Simple  UIclt)  : 
Arch,  gen  de  lued.,  1887.  i.  pp.  3f*8,  f.2«,  61U.  Clark  {Simple  tJIcer) :  Brit.  Med. 
Journ.,  1867,  i.  p.  m\  ei  inq.  Collins  (Siimile  Ulcer):  N.  Y.  MM,  Rea,  x.  1875, 
iw  677.  Curling"  (Ulceration  after  Biim) :  Trans.  Med.-Chir.  8uc.  Lond.,  xxv.  1842, 
n.  2tJ0.  Cuthbertson  (Ulceration  alt<?r  Bni-n) :  Me<l.  Times  and  Oaz.,  1807,  ii.  p. 
$47.  Dutcher:  Cinein.  Lancet  and  Oba.,  ix.  1866,  p.  661.  Eskridge  (Gangrenous 
Duodeniris):  Tr.  Path,  i^c,  Phila..  ix.  1880,  p.  18,  Fox  (Ptrf.>riiting  Uk*r  of 
Diiotlminrn) :  Lancet,  188G,  i.  p.  2f»0.  Gibbon  (Pfrforation  after  ScaIiI)  :  Trans, 
P^tb.  S«>c,  Loud.,  vi.  185.^,  ji.  18P.  Hawkins  (Ulceration  aftir  Bum):  Trniia. 
P»th.  8«x\  I>.>nd.,  ii.  184»'50,  p.  £90,  Heckford  (Simple  llcer)  :  Lincet,  1866,  ii, 
p.  577.  Hewett  lUker  after  Burn):  Trau*w  P«il!i,  800,  Lond.,  i.  1848-50,  p.  256. 
Krauss  :  Das  jwrforirende  Geachwiir  itii  l>nodenum,  1865.  McCarthy  (Ulcer  after 
Bum):  Traua,  Path.  Soc.  1/ond.,  xxv.  1874,  p.  120.  Murchison  iSiniple  Ulcer): 
TnLD&  Path.  Soc.,  ix.  1857,  p-  iJ17.  Niderg^ang" :  Sur  rideere  simjile  dn  dnodt'nuni, 
IH^l.  Oskr:  DmxJenal  Ulcer,  18s7.  Robinson  (Simple  Ulcer):  Trans.  Path. 
Soc  Loud.,  xix-  1868,  jk  236,  Seigel  :  Ueh,  d.  einfafhe  chn>ni.sche  Duodenal- 
grschM-ur,  1877.  Stokes  (Ulcer  after  Bu^u^ :  Dub.  J.  Med.  tk-..  Ixii.  1876.  jk  327. 
Utceratton  after  Bum:  Med.  Times  and  Gaz.,  vi.  1853,  p.  5.14.  Wemich 
-:  Rupture):  Areh.  f.  pntli.  Anat.,  1.  1870,  p.  138.  Wilks  (Caiies  t>r  UlcenUion  after 
Bnni):  Gny'8  Ho«p.  Kep.,  ii.  1856,  p,  133. 

LiiertHure  on  Typhmd, — Babes  (Bw  ill  lis) :  Centralbl,  f,  Baktenol.  u.  Paraaitenk, 
T.  1^91,  K  28L  Briefer  and  Ehrtich :  IUtI.  kliu.  Woelinschr.,  xix,  l8S2.j».  661. 
Cassedenat :  Aim.  d»'  ITnst.  Pn^teur,  iv.  1890,  p.  625.  C hantem esse  and  Widal : 
Ann.  do  rinstitut  Pasteur,  ii.  1888,  p,  51.  Coats:  Brit,  .Med.  J<mrn.,  18^2,  i. 
J4.  421.  Crooke:  Brit.  Med.  Journ.,  1882,^ii.  p,  1.^  Cygnaeus  r  Beitr.  z.  path. 
Aii-iT  »i  nllg.  Path.  (Ziegler),  vii.  1890,  p.  375.  Eberth  :  Arrh.  t  ]n\\\u  Anat., 
\x^  ^''.  r»8  ;  76iV/.,  Ixxxiii.  1881,  p.  486.     Fraenkel  and  Simmonds  :  Die 

m^V  i     l-tit,  d.  typhus  Bacillus,   18»6.     Gaff ky :  Mitth.  a.   d.  Gerund. -amt, 

iL  18^1,  p»  i»72  ;  tf/*o,  Kng.  Transl.  in  "  BacteriJi  iu  l>lation  to  Dinease,"  N.  Syd. 
Soc,  ISJ^rt.  Gasser  fCultnre^  of  B/ic,  in  t  olonred  Mn<im) :  Arch,  de  nie<l,  exp<:r.  et 
rffA  V  .  ii.   1800,  p.  750.     Uffelmann  (Bacillus):  Bcrh  klin.  Wochnschr., 
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Ohftfnidifm.  —  FleintTl  Ar«  h.  f.  path.  Anat.,  ci.  1885,  p.  484.      Golt- 
dar:  1.  klin.  Woclinselir.,  xxvi.  1889,  p    197.      Hamilton  (G.)  (Two  Cases) : 
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CHAPTER   LXXV 

THE  INTESTINE— (roN^/nW) 
Dysentery  (8is,  with  dijffindtij,  and  IvT^pov,  the  hm-el). 

867.  Anatomical  Changes. — Tiie  disease  usually  commences 
in  the  large  intestine  and  may  be  entirely  confined  to  it.  Sometimes, 
however,  the  small  intestine  becomes  secondarily  affected.  It  is  in 
these  cases  that  the  earlier  stages  of  the  lesion  can  be  studied. 

An  injection  of  the  blood-vessels  of  the  serosa  commencing  in  the 
jejunum,  and  often  spreading  itself  over  the  entire  small  intestine,  is  a 
constant  feature.  The  mucosa  has  a  dark  red  or  purple  colour  from 
like  deep  injection  of  its  vessels.  Then  follows  a  thickening  of  the 
mucosa  and  submucosa  from  inflammatory  effusion  into  them.  The 
valvuhe  connivcntos  lose  their  membranous  character  and  become 
converted  into  thick  annular  protuberances.  The  surroundings  of  the 
Peyer's  i)atches  are  much  congested,  and  hence  map  these  bodies  out 
with  unusual  distinctness.  The  patches  themselves,  however,  are  free 
from  infiltration,  a  fact  whicli  might  serve  to  distinguish  a  doubtful 
case  from  typhoid. 

Towards  the  lower  end  of  the  small  intestine  the  mucosa  has  a 
rusty  brown  colour,  and  has  become  so  detjiched  from  underlying  parts 
that  it  can  ea.sily  be  scraped  off  with  a  knife.  The  detachment  and 
disintegration,  however,  are  seldom  uniformly  distributed. 

Coming  down  to  the  large  intestine,  it  will  l)e  found  that,  in 
addition  to  the  thickening  and  congestion,  large  portions  of  mucous 
menibniiie  have  sloughfd  off,  while  shreds  of  the  same  are  found  lying 
loose  or  dangling  by  slen<ler  isthmus-like  pedicles.  The  separation 
seems  to  take  placti  at  the  submucosa.  It  is  here  that  the  infiltration 
is  greatest,  and  it  is  ht*re  also  that  the  disintegrative  necrosis  is  most 
active.  The  tlcjor  of  the  denuded  parts  of  the  intestine  is  constituted 
by  the  nniscidaris,  which  seldom  seems  to  be  destroyed  to  any  extent. 
Hence  p«'rforation  is  usually  prevented. 

When  the  mucosa  has  «^ot  into  this  tattered  condition  it  never 
seems  to  recover  itself.      Even  after  years   the    tags    of   membrane 
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which  have  preserved  their  vitality  will  he  found  tioating  free  in  the 
channel  of  the  bowel  Unfortumitely,  however,  the  bowel  has  a 
tendeticy  to  cicatrise  circumferential  ly,  and  this  brings  about  a 
stricture  of  its  lumen. 

The  disease  is  often   asscwiated  with  absceaa  of  the  liver  (Sect. 
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Fltti^  410.— Tec»fi**ai,  DvarxTFUY,     Mlk-oi's  MrjiURjiMa  ut  L.ut<;i:  Lvtkhtim;  mmt:  MoNrna  after 

A»  AttuTR  Art AL'K,  HROWixa  iT»  TArmiiKi*  and  SttRKUnY  CoNtH-noN, 

TIm  luf*  of  llntus  (o,  n)  itipret!t«i&t«rl  ajm  all  tliai  rt-'UiAlnii  or  tin*  uiucnsa.    Thf:>  liitt^n'otiiog  part« 

(fti,  h)  Ciirrvi[Knni  to  the  iiiiucuhvriii. 


Etiology. — The  whole  character  of  tlie  diseikse  points  to  its  being 
of  parasitical  origin.  Yet  although  the  siirfjice  of  the  sloughy  bowel 
may  Iw  covered  with  masses  of  uijcro-organitiins,  a  distinct  and  indubit- 
ahle  dysenteric  organism  has  not  as  yet  been  isulated. 

A  inirious  association  with  the  disease  is  that  of  the  amceba  coli 
(Fig.  Ill)  deacribcd  by  Losch  (No.  13,  Ixv.  1875,  p.  19G),  Kartulis 
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(No*  13,  cv.  1886,  p.  521),  and  others.  It  occurs  in  the  contents  of 
ttie  targe  intestine,  and  sometimes  iiliundiintiy  in  Uid  dejecta.  It  is 
usually  L*uveIo|K?d  ur  entangled  in  a  mass  of  mucus.  Whether  it  has 
anything  to  do  with  the  causation  of  the  malady,  or  whether  its  |ires- 
ence  is  to  bo  regarded  simply  as  an  epiphenomenon,  remains  undecided 
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Crou  i'«  ) l  .s  Entkk ITIS. 

868*  SpL — English  Dy8t?Dtory,  Cholera  No&traa. 

The  mucous  membrane  of  the  bowel^  like  most  other  mucous 
membranes,  is  said  to  l>o  subject  to  a  croupous  iuflamnmtiou — tliat  i« 
to  J»ay,  an  intlnmmatory  ongorg<^TUf*nt  in  which  a  croupous  exudate  is 
pourci]  out  on  tlir  surfaci*,  and  frnni  vvhirb  tibrinoiiH  lymph  18  j*re- 
cipitiitcd  in  the  sh44>o  of  a  talsk;  niombnme.  The  large  intestine  is 
the  part  of  the  \h)wc\  which  h  usually  said  to  ho  aJfccted  with  this 
allegeci  ditiease. 

The  iimccraa  is  deeply  injected  and  has  a  dark  re<l  colour,  while 
the  surface  is  covered  with  a  thin  pellicle  of  a  grayish  coluur.  Small 
superficial  ulcers  may  bo  h^cu  in  great  abundanc*.*  on  the  injected 
mucosa.  The  condition  is  associated  with  severe  diarrha!»,  and  the 
disease  is  sometimes  known  cliniadly  m  **  English  dysentery."  It 
frequently  proves  fatal. 

Tlif  mirrn^'npk  ej-nminaiitm  reveals  appearances  somewhat  different 
from  what  might  1m»  exf»ectetL  There  is  little  if  any  fibrin  on  the 
surface,  and  i1r«  gray,  nomewhat  pult^nct'ou*.  ilcjiosit  wliich  caji  be 
8cra)>eii  off,  and  which  de!itrov»  the  natural  moiHt  lustre  and  smooth- 
ness of  the  mucosa,  is  in  reality  a  mtfKTpml  slowjh  of  tlie  mucosa  itself 
(see  Fig.  4  12,  a,  <i,  a).  There  may  bo  cases  in  which  a  distinct  fibrinous 
membrane  can  be  detached,  but  these  certainly  do  not  constitute  the 
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in  tlie  submucosa,  and  spreadiDg  between  tlie  bundles  of  fibres  of  tito 
muBcularis.  The  half-detiicbed  portions  of  mucous  membmne  are 
tilled  with  blooii  efiused  from  the  over-weighted  vessels.  Aggregniioiis 
of  leucocytei^  are  present  in  the  vessels  as  well  as  outside  of  tbcm. 

Masses  of  granular  matter  are  found  on  the  surface  of  the  sloughs 
and  in  their  substance,  but  the  author  has  as  yet  failed  to  detoct  any 
unusuaL  accuuiulatlon  uf  bacteria  by  the  use  of  Omm't^  or  othcur 
methods  of  procedure.  By  Gram's  nietho<l»  however,  numerous  disc* 
shapt^l  IxKlies  like  immatui^o  coloured  coqiuscles  are  revealed  in  abund- 
ance. So  numerous  are  they  in  some  vesi>els  as  to  constitute  thrombus- 
like  maumoK,  They  lie  sid«  by  side  with  onlinary  coloured  corpuscles 
whieh  are  eooicwhat  larger  than  the  bodies  in  questitin.  Their 
interior  te  oocaaionidly  slightly  granular,  and  they  ap|.N?'ar  in  muAt 
insUnees  to  have  beconie  contorted.  80  intensely  do  they  cohiur  with 
fuchsin  or  gentian-violet  that  the  result  might  almost  be  regarded  as 
a  reaction.  Wlven  every  trace  of  colour  hajs  been  washed  out  of  the 
preparation  they  are  seen  brilliantly  stained.  Similar  corpuscles  are 
oecft«ional]y  found  in  tu1>ercnlar  tungs. 

Termmation.^Cronpotis  enteritis  appears  to  end  sometimes  ill 
a  cicatrisation  uf  the  wunnded  [Kirts  not  unlike  that  of  tropical 
dysentery.  The  remaimler  of  tlie  coat  of  the  large  intestine  is  thick 
anti  fibrous  and  the  channel  becomes  constrieUKL  The  scars  from 
the  ulcers  Jire  so  numerous  on  the  surface  Uiat  little  of  the  mucosa  may 
be  lefL  Villous  or  f»olypoid  projectioDs  may  be  eeen  on  the  muca^a  of 
the  lower  end  of  the  ileum,  a|»pareutly  a  result  of  tlie  previous  unduly 
great  vascularity. 

The  relationship  of  this  disease  to  tropical  dysentery  ha»  not  as 
yet  been  made  out  It  is  possible  that  it  is  closer  than  in  this  country 
is  ^QemUy  supposed. 


AsuTic  Cholkfu. 

8C9.  St/n, — Epidemic  Cholera. 

Historical. — Cholera,  ^ith  the  exception  of  influenza  and  small 
pox,  is  perhaps  the  most  widely  disseminated  conUigious  mahdy  wo 
know  of.  Curiously,  however,  it  hji.s  not  Wen  tdways  so.  There  is 
evidence  to  provo,  no  doubt,  that  in  ludia  and  possibly  also  in  China 
it  has  l>een  indigenous  frum  tlie  remi>te8t  times.  Ancient  Sanscrit 
manuscripts  give  a  description  of  what  could  not  h^  other  than  this 
we  now  recognise  as  Asiatic  cholera ;  while  contemixtj-arie^  in  China 
of  Hipp^x'rates  and  Confucius  have  under  the  name  of  Ilo-luan  re- 
conied  a  disease  which  is  generally  consi<leix?d  to  In?  identical  with  the 
cholera  of  modern  times.  It  was  not,  however,  until  the  present  cen- 
tury that  it  began  to  take  on  a  tendency  to  travel.  Previously  it 
remained  indigetious  in  the  countries  where  it  was  engendered,  and 
chiefly  in  India,  In  the  bt?ginning  of  this  century,  probably  with  the 
advent  of  increased  commercial  fiieilitiet^  it  Ijegan  to  spread  perimlie- 
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ally  into  foreign  landa,  and  to  overrun  ultimately  tli»>  whole  of 
Europe  and  a  great  part  of  America.  It  is  questioned  whether  lx*foro 
tbis  tirae  the  disease  wa-n  even  known  in  P'urope,  the  descriptions 
givi^n  by  Hippocrates,  Galen^  Celsus,  and  others  appearing  to  refer  to 
what  we  now  designate  as  rhohra  noiifivs,  not  to  true  Asiatic  chtili-ra. 
There  is  one  significant  point  about  trne  cholera,  namely,  that  wherever 
it  occurs  and  whatever  people  it  afTeets  it  induces  the  same  lino  of 
symptoms,  and  is  accompanied  by  the  same  fatal  consequences. 
Hence  had  there  been  any  great  pre^aien€e  of  the  disease  in  Europe 
in  bygone  timeji  we  would  certainly  have  bad  some  record  of  it  handed 
down  to  us.  Nothing  of  the  kind,  however,  is  to  be  met  with,  until 
the  year  1817,  the  memomble  year  in  which  the  disease  became 
pandemic 

The  Source  of  U^  Diaeasft 

ItidU  tmdoubteiUy  is  tb«  grtat  nursery  uf  tlie  disease.  Several  district*  Imve  now 
tMNSomc  imtoriovts,  so  mucli  ho  tlint  they  can  Imrdly  be  Haiti  evnr  to  be  entirely  fr*?e 
fh»m  it ;  but  of  all  lt>ciilitit!8,  that  of  the  Delta  of  the  Gang^es  gtands  pre -eminent 
iu  tUii*  r*^j>i'et*  The  flanges  towards  its  ilivul^'tMue  into  the  Bay  of  Bengal  unites 
nitb  the  Brahmaimtra,  and  the  waters  from  the  two  aources  oi>eii  by  a  neriflt  of 
MTentcen  main  arms  into  the  Hca.  The  district  aiound  these  ia  known  fts  the  Suw- 
tbrbiindg,  and  perhaps  in  the  most  unhealthy  for  liuriiuii  beings  of  any  lfx:ali ty  on 
th**  fact*  of  the  globe.  Vegetation  i^  rife,  the  brackish  tidal  waters  contiimally  soak 
the  decaying  vegetable  matter,  and  the  tem|>crature  is  such  as  to  encourage  those 
conditions  which  we  koow  to  l>e  most  favourable  for  the  growth  of  most  vegetable 
pttrmsltea.  It  is  heix*  that  apfkarejitly  the  cholera  ])(irii9ite  ia  fostered  and  grows. 
The  district  ia  almost  uninlmbitablo  on  account  of  it«  attncka  and  those  of  nialarioua 
diseuetf,  and  the  few  native}*  who  arc  to  Ikj  found  in  the  district  do  tlieir  heat  to 
pFopagnts  th**  disea^^  by  Hojiting  thuir  dead  on  nifts  away,  as  they  hold,  to  the 
eeUsitial  Aelds. 

I}ire<ii<tn  foUotoed  btj  %L 

Ffom  thift  hotbed  of  cholera  the  contagion  has  spread  westwards,  broadly  s}>eAk- 
iog»  in  tlirec  directions.  The  lirat  and  earliest  wa«  along  the  valley  of  the  Hangea 
to  iUm  north' west  provinces  of  India  into  Afghanistan^  thetiee,  by  caravan  routci*. 
by  way  of  Halkh,  Bokhara,  and  Kliiva  to  Ru?isia.  The  second  followed  the  course 
of  thsGulf  of  Persia  south-west  to  Syiia  and  Egyi»t,  and  north-west  towarils  the 
OMpian  Sea*  The  town  of  Astraklinn,  on  the  went  dliore  of  the  Caspian  Sea,  has 
ftlwaya  been  a  strongliold  of  the  diseai^e  throngb  whatever  route  Kussia  ba^  beeu 
inraibHlf  and  lying  as  it  does  at  the  mouth  of  the  Volga,  the  dLsease  baa  invariably 
run  a  rapid  eourse  upwards  to  Saratov  and  Kasau.  The  third  route  is  that  which 
cholera  ha*  always  followed  since  the  pantleinic  of  18»i5  with  the  exctptiou  of  the 
mit break  of  IS92.  The  Red  Sea  littoral  ha**  been  the  great  starting  point,  the  disease 
b««lr»g  brought  thither  by  pilgrima  to  the  Holy  City.  Thenee  it  has  spread  rapidly 
Into  Kgypt  and  along  the  Mediterranean*  The  fHiridemic  of  1892,  curiously  and  aa 
pmcntJjr  to  be  explained,  reverted  to  the  old  route  through  Afghanistan  from 
Korthttni  India. 

ThK   FiUHT  YoVli   OrKAT   PAXDEMICi*. 

PivviottJi  to  the  year  187f»  tlioit*  liad  been  four  great  pandemica  of  the  diseaac,  all 
•larttng  from  Indian  soil     The  fimt  occurred  between  the  yeara  1817-1823,  the 
Vt»L,  II  ,  2  N 
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tteond  bitwaen  1826-1837,   the  third  from  184d-ld6$»  4111I  tho  fotitth  between 

18654875. 

The  exAct  origin  of  the  first  of  these  la  some  what  obsirtire,  tn  Mny  of  1817  it 
WAN  nX  KlNliiiai;hur»  on  the  Hooghly,  in  the  Wptining  of  Aiijpt?tt  At  Cnlettttt,  ami  in 
this  titiilille  of  the  saTTie  month  nt  Ji-wore.  ludoed,  the  Iafltin«'ntioiDr<]  town^  sitUJitod 
a  short  wny  from  Calcutta,  gouerallj  gfrta  the  cnnlit  of  having  Imm?m  tt«  etmrting 
fioint.  In  f^tir  niontha  it  had  broken  out  in  the  giTHtpr  imrt  of  Kmt«r  Bt^ngiL 
Early  in  NnvtfmVwr  it  waj  miupcint  nt  Mir7AfM»n)  and  in  thr  Rundclkttnd  StJit«i 
irboro  it  provinl  most  diBjuitrotM  to  the  anny  un«ter  the  command  of  the  Marquis  of 
HAPtin^l,  then  Governor* Or nrm I  of  India.  The  di^tachment  oonnisted  of  10,000 
oombatJitita  and  80^000  MTvantt  and  followom.  The  ilifH<aMc  iuHinu^ited  itar^lf  in* 
•idiounly  among  the  followttm  on  thr  7th  and  8th  Novi'inlwr  1817,  and  in  a  few  dayi 
apnoad  through  the  whole  canijt.  Yonn^  arid  old,  Kiuojiean  and  native,  wen 
aqofllly  irtnick  down  by  tt.  The  sentinels  dropped  at  their  jiosta  a»  if  they  had  beoa 
nhot,  au  thnt  three  or  four  men  were  reijuired  for  a  wat«h  extending  over  a  eouple  of 
houm.  Many  of  thoae  who  wore  8eijBi>d  diod  before  rcadnug  the  camp  huspttatli,  aud 
men  conveying  the  nick  were  often  Bcixed  on  the  w^ay  and  died,  ITlttmataly  thi» 
Jtriug  proved  quite  inconii>et^nt  to  bury  the  deail,  and  what  reniainetl  of  the  tToopa 
were  wived  only  by  tdiifting  eamp  to  hilly  ground  iu  the  neigh iKJurhood.  A  ntimher, 
anioiinting  to  70<Si  comlMitanta  and  8000  followers  dteil  iu  thia  aingk'  outbreak. 

During  December  and  February  tho  plague  »eemii  to  have  become  latent  or 
actually  oxtinguitihed  for  the  time  l>eing.  but  iu  March  1818  it  rrap[wared  iu  moat 
of  the  placeii  formerly  vinited  l>y  it.  It  now  npn*ad  over  nearly  the  whole  of 
UimlcNitaii  ;  only  a  few  districta  eAoJiiicd^  mon^  eajiei^ially  those  wliieh  weiti  hilly. 
It  ran  up  the  vaJley  of  the  Gaugea,  tu  a  uorth-weatcrly  diroctiou,  tlirough  Agra, 
MattrSf  Delhi,  Oudh,  and  Lucknow,  to  the  Piinjnub,  while  oflfihooLi  fltnit^k  souths 
warda  aud  westwanlti.  So  that  in  August  it  reached  Bombay,  and  subaequeutly 
overran  the  Koukan  and  MalalwrcoaAl  to  reach  the  southernmost  liuiit  of  11itido«tan 
tawarda  thu  end  of  1818  and  the  begi&niiig  of  1819.  As  early  aa  18UH  it  had  dre««ly 
CKiaied  ita  indigenou*  bordem,  baring  Invaded  Ceylon,  and  in  time  compleUdy  ovar* 
vpread  the  whole  iNlaud.  It  also  found  it»  w;iy  over  Buniiah  mid  Siam  ta  .SingnjMire, 
and  iu  the  yfMir  1820  to  Java,  Ikirneo,  and  other  of  theSunttii  IsJAnda.  China  laally 
fall  ft  victim  to  its  ravngea,  and  proved  a  congenial  toil  on  whiidi  to  flunriah.  It 
apread  ilcvaitation  from  ona  cmd  of  the  country  to  the  other.  It  travelled  weat- 
wardM,  fkomewhat  later  than  Mmt  and  aonthwardn.  It  showed  lirst  at  Muiurat  on  the 
eaut  coa«t  of  AruhlA,  whither  it  had  been  tran»|K»rte<1  from  Bombay.  It  croeaed  to 
the  eoaat  of  FKi-^ia  aitd  travelled  north  towards  the  Euphrates  and  interior  of  Peraia, 
It  pen«trate<l  tiniilly  in  the  vpring  of  1823  to  Syria  and  I*ateitine,  and  in  May  of  that 
year  reache^l  Kuwiia.  Curioui^ly  it  1>egan  to  diu  out  in  Octolicr,  aud  was  extinguished 
to  all  the  pW'os  visited  in  the  following  winti^r.  Thus  ended  the  Qrat  p^ndvmic 
gathrv^k  of  cholera  on  extra-Indian  boil. 

The  oommencernent  of  the  aecond  imndemic  dates  from  the  year  182<1.  It  be- 
beoame  prv<viitent  in  Ihtngal  ani)  )iaH!»ed  tip  the  valley  of  the  Cfnnges.  Ita  weatwmrd 
course  was  eOWt^d  by  two  routes.  One  of  thcae  wha  from  Lahore  in  1S27  to  Oabut, 
Dalkh,  and  Bokhara  by  caravan  routea.  In  1828  thiii  branch  hail  reached  Khiva, 
aud  in  1829  Orenburg  In  Rusiiia.  Tlie  diaeaao,  however,  as  profiagated  along  this 
line  died  out  in  the  following  Hintor  The  second  roiita  which  it  took  lay  thruttgh 
IVraia  in  1829  to  Teheran  in  the  autumn*  and  finally  to  A*trakhan  00  the  wcat 
ooaat  of  the  Caspian  Sea.  From  this  Isst  focus,  as  always  hapjieuM,  it  spread  up  the 
Volga  to  Saratov  and  Kasaru  Before  1»30  it  had  taken  a  (Inn  hold  upon  Buiaian 
aoilt  so  firm  that  even  the  cold  winter  of  1830-1881  did  not  i^top  it  In  the  early 
BMiithi  of  1831  it  had  raiohotl  the  BaUic  provinoei  and  Pohind.    Tho  Ru«io«Pd]lab 


CfiAP.  LXXV 


ASIATIC  CHOLEHA 


547 


WKT,  whicb  waei  raging  at  the  timi!,  served  to  diffusu  it  wide-caBt.  In  Junc'  St. 
Pfft^ralnirg  wa»  stricken,  and  in  July  it  penetrated  m  far  north wanl  m  Finland.  It 
w»&  conveyed  also  to  Arabia  by  pilgrims,  whenL'e  it  spread,  through  thyir  inter* 
mediatioii,  over  Kgypt,  Syria,  and  Palestine.  It  rnii  up  the  Nile  tis  far  as  Tbrrbta 
mad  down  to  Alexandm«  It  reached  Germany  by  three  routes,  the  first  directly 
from  Folaud,  the  second  tlirotjgh  Dauzic  by  Russian  shifia  of  war,  and  the  thiril  also 
frora  Russia,  but  by  way  of  Austria, 

From  (jcrinany  it  waa  conveyed  to  Great  Britain  in  1 881,  A  vessel  from  Hum- 
burg  brought  the  diaeaHO  to  Sunderland  in  Oetobpr  of  that  year,  iind  outbrcak£§ 
apeedOy  oceurrwl  in  Newcastle  and  Uat*jsheaib  By  December  it  had  reached  Stot- 
luuL  and  in  the  course  of  a  year,  following  commercial  highways  and  rivers,  bad 
overspread  the  greater  part  of  Britain-  Hilly  distrieta  were  uanally  exempt,  our 
Scotch  Highlands  having  remained  <jnite  free  from  it.  France  wa«  gmittun  about 
tbo  aam«  timo  i^  this  country,  uml  from  France  the  rlisease  found  its  way  into 
Bflf^om,  Denmark  escaped  eompletcly,  but  Norway  and  Sweden  suft'ered  severely 
in  the  ywir  1834.  Before  it  hail  reached  the  south-west  of  Europe  it  had  alrendy 
croaatid  lu  America,  Canada  was  attacked  in  the  beginning  uf  June  1832  ;  it  sprHad 
with  urrible  rapidity  nlong  the  St,  Lavvrent-e  and  its  tributaries.  The  State^^  were 
also  tever^  aulfcrers,  the  diseflse  penetrating  to  the  Pacilic  across  the  Kocky  Aloun- 
tmins.  South  America  was  invaded  in  1835,  where  the  disease  committed  gi'eat 
ravages.  The  ^^ndemic  continued  to  press  into  Southern  Euro[>e.  Spain  and 
Portugal  fcU  ready  vietima  to  it  in  the  year  1833,  Marseille-s  in  1834,  Piedmont  iu 
1835,  Thence  it  was  carried  int^  Southern  Italy,  Auatria,  iSicily,  and  Malta.  This 
second  pandemic  died  ont  in  the  year  1837-1838  at  every  point  throughout  the  vast 
terrirury  over  which  it  had  iipread. 

The  third  great  pandemic,  that  of  1846-1863,  followed  much  the  tjame  route, 
arimng  in  India,  spreading  gradually  over  Persia,  liuiisfa,  and  Europe,  and  finally 
crooBiog  to  America, 

The  fourth,  that  of  18G/i-lS75|  was  much  more  rapid  in  its  progress,  owing  no 
doubt  to  the  increatscd  facilities  for  commercial  intercourse.  Like  most  of  the  later 
<:jiol«ra  wave.?,  it  did  not  follow  the  old  overland  route  through  Persia  by  the  slow 
instrumentality  of  jHidestrian  and  e^iuestiiau  trausjfort,  but  wtia  brought  to  the 
CoAit  of  Arabia  directly  by  pilgrims,  Thtince  it  spread  in  a  few  weeks  over  a  large 
jiart  of  fifiutliern  Eurojie.  As  usual  it  took  origin  in  the  lower  basin  of  the  Ganges, 
Iti  all  ih^a  vifiitationa  Austriilia  remained  practically  exempt,  and  the  islanda  of 
the  Pacific,  the  Cape  of  Good  Hojw,  and  the  central  parta  of  Africa  enjoyed  a  like 
tiniuunity. 

TnK  EruiEMtc  of  1892, 


The  dimger  of  a  rapid  spread  of  the  malady  is  nowadays,  of  course,  far  greater 
ihaji  fomierly.  What  was  formerly  a  matter  of  yeara  has  now  become  one  of  weeks 
or  ilayn  owing  to  steam  traffic.  Mecca  seems  to  be  the  great  centre  of  the 
•tU.  Thither,  pilgrims,  gathered  from  all  parts  of  the  East,  convey  periodically  the 
^rma  of  the  dise^iAe  and  disseminate  them  broadc^iat.  The  Holy  Well  of  Mecca 
appears  to  l>e  u  veritable  cholera  laboratory.  The  water  is  contaminated  beyond 
(leacription  with  all  manner  of  abominable  impurity.  A  bucket  of  this  is  emptied 
over  the  head  of  each  of  the  faithful,  the  excesjt  being  allowed  to  run  back  into 
th«»  iource  from  which  it  was  obtained.  A  quantity  of  the  water  in  also  drunk 
by  each  pilgrini.  At  the  last  ceremony  which  took  place,  the  twelve  miles  of  road 
to  Ararmt  were  in  a  few  days  thickly  strewn  with  the  dead,  some  30,000  baling 
ultimately  succmnbed.  This  epidemic  appears  to  have  come  from  India  along 
Ihe  idd  roat4?  by  the  northern  provinces,    Afghanistan,   and   liussin  in   Aaio,     It 


ft48 


THE  INTESTINE 


PART  IV 


nhowed  ▼ioloDtly  in  Srinag&r,  in  CMhmir,  in  Miiy  of  the  s&tnp  jear.  It  wtm  irported 
in  AskKbad  an  Oh  June,  having  meiuiwhili?  trrnvrrsinl  Afi^hanisUu.  Fmui  tltS» 
point  itdprottd  rmpidly  wedtnnnb  liy  tb*  Tmii8-<*iiJ<|»mri  lUiIwft)\  llie  gr*»at  hi|eUwiiy 
of  eomraerce  of  th^  district.  It  stniek  two  poiuti*  ott  the  wcstrrn  *horo  of  th« 
Caspian — namely,  Baku  tud  AatrakhAn.  From  Baku  it  was  carrie<l  by  tho  Trans- 
Csticisian  Railway  to  Tiflis,  where  it  arrin*d  on  26th  .Jniic,  and  Crum  Astrakhan  it 
■gain  ran  up  the  Volga  by  thi^  steamlKiat  trnttjc  to  KaMin.  JiloAt  aw  wan  ivm-hM 
on  5th  August,  and  St.  Petersburg  on  1 7th  AugUist.  It  wna  next  conveyed  by  tbt- 
stream  of  KusAian  t*rnigraTits  to  Hamburg  and  Antwi'r|>i  in  the  fonner  of  which 
ciliw  it  comniiited  tremendouj*  ravages.  Thus  in  from  lhri?o  to  thre«?  and  a  half 
motiths  it  found  its  way  from  Northern  India  piactically  to  oar  own  doon,  a  dia- 
tanoe  which  in  former  times  waa  tfaren«d  in  about  aa  many  ycara. 


The  Choi.kra  Gkrm 

It  18   now  pretty  wtll  ucceptoil  oti  all   hiuids  that  the  vegetalile"' 
-the  cholera  bacilhia,  f^pirilluiii,  or  fiiiinxdneta — discovered  by 
tho  active  agent|  the  tnaterios  tuorbi,  of  Asiatic  cholera. 

Tlie  history  of  the  diacorery  of  this  |iaimaito  is  a»  follows;— In  thv  y<?ar  1883  a 
CoBimiiNiion ,  e<|uip|i#il  by  the  German  Go?emment.  iuvcjtigattHl  the  i^auae  of  the 
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diMaae  In  th«  Gr^ek  H^wpittl  at  Alexandria*  Tli«  n^snltti  «n  far  were  in  great  part 
Oipitivt*  They  mtiafied  themaelvea,  however,  that  th^^  blood  wiiji  free  from  Of|cati* 
iamal  itnptirity  ;  that  there  were  only  a  few  organiamH  in  matters  vomitad,  but  tJiat 
tbey  were  very  abundant  in  the  i1(<Jecta*  All  the  organs  were  remarkably  frvo  fh>m 
(irgan&MUtal  impurity.  At  thiii  time  Koch  hatl  ntn  diHf^vered  the  i)ru|H)nd#ranc9  of 
A  paitiL'ular  organism  in  any  of  the  excreta.  Inoculation  and  feeding  experimenta 
with  miee  and  rnt«  provcil  ipnttf  negative  ;  tli«  aninials  remained  after  aueh  experi- 
nientx  in  rwtuiirkiibly  good  hetdth. 

Id  the  year  1S8I  another  German  Comraiaiion.  Koch  being  at  the  head  of  it, 
waa  »eut  out  Ut  India,  with  the  result  that  the  pre[ionderAnce  of  a  comma'Shapcil 
ornanUm  in  tlie  intratinal  walla  and  dejacta  waa  aatiafactorily  made  onL 

Morphology  and   Conditions  of  Growth.  —  The  or|;^ani8iii 

in  qiieiiti<ni  is  liKuui  Irum  ;i  hidl'  tu  twuthird^  tlie  leu^th  itf  a  tulxTcle 
hacilhu*,  hut  iijuch  more  hulky^  and  thicker  than  tho  latter.  *Some- 
timt*8  the  individuaU  hang  in  couples,  or  the  ctir^e  may  be  double, 
resembling  the  letter  S  (Fig*  413).      Like  the  epiralla  of  Finkler- 
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Trior  ajid  of  Denekc,  it  is  a  ciliated  orgaiiisai.  AVben  stained  by  Van 
Ermengem's  method  (No.  009)  the  cilia  are  seen  to  be  long  and  often 
very  tortuous  (see  Fig.  414). 

When  cultivated  artificially,  the  curves  of  the  orj^anism  become 
more  lUJinerous,  so  that  a  spirillar  or  cork-screw-like  body  results  (Fig. 
413).  This  is  now  reganled  as  a  degenerative  form;  it  is  found  only 
in  old  exhausted  cultivations,  not  in  the  alimentary  canal  or  dejecta. 

Spore-like  bodies  have  been  described  within  the  little  curved 
Twh  Tlicse,  however,  are  held  to  be  mere  vacuole  ca\ities^  such  as 
are  seen  in  the  typhoid  organism  and  in  some 
others.  Hueppe,  Bahes,  and  Neisser  have 
alleged  that  the  organism  also  divides  in  a 
chain-like  fashion,  and  t\mt  art hrospoirs  develop 
among  the  individuals  of  the  chain.  Such 
allegations,  however,  are  as  yet  of  somewhat 
doubtful  value,  the  general  impression  lieing 
that  the  organism  under  urdinary  circum- 
stances does  not  spore.  This  is  a  matter  of 
the  greatest  impoi'tance  ;  for,  as  we  know  from 
the  study  of  other  like  parasite-^,  the  spore  is 
much  more  resistant  to  destructive  agencies 
than  the  bacillus,  and  when  dried  may  be  kept  almost  indefinitely, 
reaily  to  bud  forth  again  w^hen  plaee<i  upon  a  congenial  soil.  Not  so 
the  bacilli.  These  are  readily  destroyed  by  dryings  slight  excess  of 
hcat^  etc.  The  cholera  organism,  indeed,  seems  to  be  more  easily 
killed  tiian  most  other  micrubes  of  the  same  type.  Thus  the  bacillus 
of  anthrax  may  lie  dried,  say,  on  a  cover-slip,  and  will  still  retain  its 
vitality  for  several  days  ;  some  others  retain  theirs  for  weeks  even 
although  perfectly  sjx^re-free.  The  cholera  organism,  on  the  contrary, 
iHes  at  latest  in  three  hours  after  being  air-dried  in  a  thin  film. 

There  seems  therefore  little  chance  of  the  disease  being  trans- 
tuitted  by  it  on  the  surface  of  packages^  etc.,  coming  from  a  cholera 
district.  There  is  no  Instcrry  of  even  an  isolated  ease  having  arisen 
through  such  a  means  of  con Uimi nation. 

In  the  ifumf  cjmdithm^  however,  its  vitality  may  be  retained  for 
months  or  years  if  the  supply  of  atmospheric  oxygen  be  plentiful 

In  most  of,  but  not  in  all,  the  great  epidemics  of  cholera  the 
disease  has  died  out  or  lx?come  latent  with  the  advent  of  winter.  The 
reason  of  this  is  apparently  that  the  cholera  microbe  will  not  grow 
below  16  C.  Its  development  is  somewhat  lively  at  from  17  to  18' 
C, ;  the  temperature  which  is  most  favourable  is  from  30"  to  40  C, 
W'^en  heated  up  to  CO'  C,  its  vitality  is  entirely  destroyed  in  ten 
minutest  indeed,  proliably  long  before  this  ;  a  very  low  temperature, 
however,  although  it  inhibits  the  growth  of  the  microbe,  does  not  kill 
it.  As  soon  as  the  suitable  temperatare  and  other  necessary  condi- 
tions are  forthcoming,  its  vitality  breaks  out  afresh  with  unabated 
vigour. 
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It  will  not  grow  on  an  acid  Ijasia,  and  any  excels  of  .iciil.  organic 
or  inorganic^  is  fatal  to  it  Hence,  although  it  may  a<lhere  to  the 
outAide  of  acid  friiiU  and  vegetables,  the  contagion  is  probably  not 
conveyed  to  any  great  extent  by  means  of  these.  It  tlourishes  readily 
upon  fresh  miikf  but  w^hcnever  the  milk  becomes  sour  the  organism 
perishes,  TItere  are  many  vegetable  substances,  however,  upon  which 
the  poison  may  be  for  hmg  retiiiued  uiiin»f>uired  if  in  a  moist  state,  and 
there  are  some  on  which  it  actually  flourishes.  It  fails  U)  pro^iagatc 
itself  in  an  atmosphere  of  carlwnic  acid,  but  this  gas  does  not  dealray  it. 

Poison  secreted  by  it, — ^As  before  mentioned,  it  is  not  found 
in  any  juiit  of  the  body  unless  the  wall  of  the  aliment^r)*  canal, 
sometimes^  in  the  most  severe  cases,  not  even  here,  but  only  in  the 
contents.  The  cramps,  depression  of  the  heart,  and  other  phenomena 
90  characteristic  of  the  malady  cannot  therefore  be  explained  In'  thi 
presence  of  the  organism  itself,  but  must  Ije  caused  by  the  deletcriom 
influence  of  a  poison  secreted  by  itv  Old  cultures  of  the  cholerai 
siiirtllnm  in  gelatine  and  on  other  Imses  contain  a  poison  which 
induces  in  animals  paralysis  of  the  extremities  and  hearts  with  cram|)«i 
uf  various  muscles  throughout  the  body,  such  as  those  of  roiipirationij 
the  pupillary  muscles,  and  those  of  the  extremitieB.  It  is  possibl« 
also,  as  suggested  by  Wood,  that  when  the  microl>e  i^  grown  wit 
insuMcient  oxygen,  a-s  under  ruitiu^al  circumstances,  this  iioison  ii 
•ecrcted  in  greater  (quantity  that  when  oxygen  is  freely  supplied  to  it.  < 


Early  RKCX)GNmoN  of  thk  Organism, 

To  discriminate  l^etween  thin  spirillum  aiid  others  which  are  found  in 
the  human  Ijody.  some  of  them  in  the  same  site  as  that  under  conuidera- 
tioiif  is  not  always  an  easy  matter.  Among  those  most  likely  to  be 
mistaken  for  the  organism  of  tnie  Asiatic  cholera,  a  spirillum  dis- 
eOTored  by  Miller  and  IjCWis  in  the  mouth  of  healthy  jiersons,  tliat 
iaoUtod  by  F'inklcr  and  Trior  from  the  dejecta  of  ordinary  choler 
nofttnu,  a  spirillum  discovered  liy  Deneke  in  old  cheese,  Weib^re' 
spirillum  irduibiting  the  nai«d  mucous  membrane,  Escherirh's  comma 
and  spirillar  forms  found  in  the  dejecta  of  infants  sufl'ering  from 
summer  dlarrhtta,  Van  Ermengem's  comma  and  spirillar  organisms 
found  in  the  intestine  of  the  guinea-j>ig,  and  the  spirillum  isolated  by 
Ganialeja  from  the  intestine  ol  the  fowl  in  a  f«irni  of  dysenter}*  from 
which  fowls  suffer  in  Odessa — known  a»  Met^^hnikritf's  spirilhun— may 
be  mentioned.  Any  one  of  these  is  likely  to  be  confounded  with  the 
tptrillum  of  Asiatic  cholera  unless  due  precautions  are  obs«»rvcd* 
The  three  which  most  resemble  each  other  in  their  morfdicdogy  and 
manner  of  j^rowth  are  —  (1)  Tlie  FpiriUum  of  Asiatic  cholera-  (*2) 
that  fd  Finkler  Prior  :  an<l  (3)  that  of  I)erieke.  Metchnikoff*s  lipirillumJ 
han  aImi  u  certain  rejtemblauce,  but  cun  be  distiiigui*^l)ed  readily  by  it 
manner  of  growth.  One  of  the  chief  diagnostic  jioints  lies  in  the 
appearance  of  cultures  upon  gelatine  medium. 
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The  two  organisms  between  which  it  is  generally  necessary  to  dit*- 
tiagtiish  in  a  suspected  case  of  Cholera  Awiatica  are  Koch's  comma 
hacilhis  and  the  Finklcr-Prior  organism  found  in  the  dejecta  of  so- 
called  cholera  nostras.  With  a  little  experience  there  is  not  much 
difficulty  in  diagnosing  them  : — 

Thus,  when  sown  at  a  summer  terafiemttire  on  ii  gelatine  plate  it 
irill  be  found  that  the  colonies  of  the  Finkler4'rior  tue  larger  than  those 
of  irue  cholera,  their  bortler  is  more  regularlj-  ronnded,  and  they  liave 
a  yellowish-brown  colour  Both  liquefy  gelatine,  but  one  of  the  most 
ciiaracteristic  differential  features  is  the  paitd  id  whkh  the  Uqurfadkm  f^f 
ihf  gthiiine  Utkes  place.  By  the  end  of  forty-eight  hours  lir|uefaction  18 
advanced  in  the  case  of  the  Kinkier- Prior  ;  whereas  in  the  case  of  Koch's 
organism  it  may  be  hai*dly  ]">erceptil)le  on  the  third  or  fouiih  day. 

In  a  puncture  culture  the  appearances  at  first  are  very  much  alike 
(see  Figs/ 492,  493).  In  both,  the  growth  develops  a  bell-like  area  of 
liquefaction  at  its  upper  extremity,  t^oori,  however,  this  bell-like  appear- 
ance of  the  li<iiiehetl  part  stretches  outwards  much  more  rapidly  in  the 
ease  of  the  Finkler-Prior  than  in  that  of  Koch's  organism.  By  the  thinl 
or  fourth  day»  accordingly,  wiiile  the  belllike  ajipearance  in  the  case  of 
cholera  may  be  still  recognisable,  in  that  of  the  FinklerPrior  the 
lif|Ucffiction  has  extended  outwards  and  along  the  line  of  the  inoculat- 
ing needle  to  such  aTi  extent  that  it  gives  rise  to  a  funnel-like  spjice 
in  the  centre  of  the  gelatine,  tilled  with  the  liquefied  medium.  A 
little  vacuole  is  often  seen  at  the  upper  limit  of  the  tract  in  the  case 
of  the  cholera  organism.  It  looks  like  a  gas-globule.  Too  much 
riJiance  should  not  be  placed  on  this  as  a  point  of  differentiation. 

Miirusn^jtiailltf,  it  is  difficult  or  practically  im|)08sible  to  distinguish 
the  one  from  the  other. 

Deueke's  organism  also  liquefies  the  gelatine  much  more  rapidly 
iliftn  Koch's. 

Additional  Points  of  Diagnosis. — There  are  several  other  con- 
firmatory diagnostic  features  :^  I )  Thus,  wlien  the  orpin  ism  of  Asiatic 
efaolem  is  gro^Ti  on  potatt>  at  a  temperature  of  24  C.  it  throws  out 
a  bmwn  pigment  very  much  like  that  of  the  b:icillus  of  ghiuders.  The 
Kinkier- Prior  organism,  on  the  other  liand,  becomes  only  slightly 
grayish  •yellow  on  the  surface.  (2)  The  cholera  orjjjanism  grows  on 
fresh  fiterilised  milk  readily  and  without  curdling  it ;  wberrr^as  the 
Finkler-Frior  and  iVneke  parasites  first  curdle  it  and  subserjuently 
pt^pt-»jni«e  it.  Deneke s,  further,  throws  mit  a  yellowish  [iij.mient  on 
the  surface  which  the  others  never  show.  (3)  As  discovered  simul- 
taneously b^'  I'oehl,  BuLTwid,  Durduini,  and  Brieger,  old  liquefied  pe|v- 
tone  gelatine  cultures  of  the  cholera  spirillum  give  a  pink  to  a  red 
colour  on  addition  to  the  lirpiid  of  a  mineral  acid.  Many  other 
liquelied  gelatine  cultures  give  the  same,  but  in  the  case  of  the 
cholrra  organism  it  ain»ears  more  ra[)idly  and  is  more  evident  ihsm  in 
any  of  the  others.  This  test  is  much  relied  ufK^n  by  Koch  (No.  36rv 
xiv,  l*^'*.*^  p.  I'lOV     It  is  not  conclusive,  but  is  a  useful  adjunct  to 
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the  test  repertory;  it  is  an  indol  reaction,  (4)  Another  tc>jt  j>aicl  to  W 
of  great  value  wii«  devised  by  Cahcn.  A  ^ik^V  containing  j^tcrilised 
bouillon  coloured  with  litmus  h  inoculated  with  Koch's  sjiirillum  and 
rv^taintxl  at  a  temperature  of  37  C  In  twonty-four  hours  the  litmus, 
by  reduction,  becomes  decolorised.  The  Fiiikler- Prior  nnd  Deneke 
organismft  dt^coloHse  at  a  temperature  of  1'7"  C.  (5)  The  cholem 
organism  does  not  induce  ]iutn  faction.  The  otlour  given  off  from  a 
culture  of  it  h  peculiar  and  in  a  niarinn  characteHstic. 

Question  of  Koch's  Organisni  being  the  Specific  Agent — 
With  those  various  niea^un's  to  hand,  there  is  not  found  to  be  much 
practical  ditficidty  in  distinguishing  Koch'^*  organism  from  all  others. 
It  should  l*e  remembered,  however,  that  occasionally  the  difficulty  is 
supremep  and  that  the  most  practised  biicteriologistj*  have  been  deceived. 
No  one  test  should  ever  be  relied  upon.  That  being  so,  there  oomes 
the  question  of  whether  it  in  the  actual  cause  of  Asiatic  cholera.  And, 
as  yet,  the  evidence  on  the  subject  may  lie  saiil  to  be  boniewhat  faulty 
from  the  fact  that  there  is  no  animal  which  will  take  human  cholera. 
Had  it  been  otherwise,  it  is  likely  that  the  fauna  of  the  Sunderbunds 
would  have  become  extinct  long  ere  this.  AH  attempt^s  to  inoculate 
animals  up  till  recently  might  have  lieeu  reckoned  as  almost  complete 
failures.  (If  late  (Jamaleja,  after  intensifying  the  poison  b)*  parsing  it 
through  the  systems  of  different  genera  of  animals,  vouches  to  having 
succeeded  in  growing  Koch's  comma  bacillus  upon  the  blood  of  the 
pigeon,  guinea-pig,  and  dog. 

But  with  it  all  one  may  well  jmuse  before  concluding  that  true 
Asiatic  cholera,  alike  with  the  disease  in  Man,  has  been  thus  or  by 
any  other  expcilient  artificially  conveyed  to  any  of  the  brute  creation. 
There  seems  to  W  something  very  peciUiar  aljout  the  conditions  under 
which  it  vdU  take  hold  upon  even  the  human  frame.  Artificial  growths 
have  been  swallowed  by  Klein  and  others,  and  niinutt?  portions  of  the 
actual  dejecta,  made  into  ]iillH,  by  Bochefontaine,  without  any  harmful 
renult.  Nay,  Ferran  s  preventative  remetly  for  the  disease  consisted  in 
injecting  a  pure  culture  of  the  organism  sulxMitaneoush*  into  the 
cellular  tissue  and  muscleR  of  healthy  individuals  likely  to  fall  victims 
lo  it.  There  appears  to  be  only  one  case  on  record  where  it  seems  to 
have  Wen  contracted  from  an  artificial  culture — in  a  medical  man 
attending  Koch's  cholera  course  in  I^eilin.  From  the  fact,  however, 
that  Kiwb's  organism  is  found  in  cholera  alone,  and  seeing  that  it 
appears  when  Asiatic  cholera  apf»ears,  increases  with  its  progress  and 
severity,  and  vanishes  as  recovery  sets  in,  mast  authorities  lioth  in  tbis 
country  and  abroad  have  come  iiTesistibly  to  the  conclusion  that  in 
this  microbe  discovered  bv  Koch  we  have  the  tnie  source  of  the  oriL 


Si^iU  of  the  JnkMtine  and  Ihjecta, 
There  is  luiially  more  or  leas  congestion  of  the  mticons  nieml 

of  the  stoill  int4*Ktin(<.       ft  has  a  rnjiv  rrd  rnbair  and  tht*  Iv  luphfolli 
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may  be  enlarged  and  project  from  tlie  surface.  The  rice  water  stools 
contain  a  little  epithelium,  but  only  exceptionally.  The  flaky  precipitate 
is  caused  chiefly  by  mucus  (Kiihne,  Bruberger,  Hirschberg,  Cohnheim 
— see  No.  31,  ii.  p.  127).  The  epithelium,  however,  desquamates 
copiously  after  death,  as  a  result  of  maceration.  Within  the  flakes  of 
mucus  are  numbers  of  colourless  cells  and  multitudes  of  bacteria,  the 
comma  bacillus  being  in  abundance.  The  vomit  is  said  to  present  the 
same  character  as  the  dejecta,  only  it  is  thinner  from  admixture  of 
water  taken  into  the  stomach.  The  specific  gravity  of  the  rice  water 
stools  comes  up  to  1006-1013.  The  reaction  both  of  the  vomit  and 
alvine  evacuations  is  neutral  or  alkaline.  The  inorganic  constituents 
are  more  abundant  than  the  organic  and  there  is  a  preponderance  of 
sodic  chloride.  Urea  is  constantly  present  or  its  derivative  ammonium 
carbonate  ;  while  albumin  is  found  only  in  proportion  so  small  that 
boiling  and  nitric  acid  occasion  a  mere  opalescence.  Kiihne  described 
a  saccharifying  ferment  in  the  dejecta  (Cohnheim,  No.  31,  ii.  p.  124). 

Means  hy  which  the  Disease  is  spread. 

How  does  the  organism  invade  the  human  body  ]  On  this  subject 
we  have  acquired  much  insight  of  late ;  and  of  all  the  means  by  which 
contagion  is  eff'ected,  apparently  the  use  of  contaminated  drinking 
water  is  the  one  which  is  most  to  be  dreaded.  The  superstition  and 
mystery  associated  popularly  in  former  times  with  its  manner  of  pro- 
pagation have  now  been  abandoned.  Cholera  is  essentially  a  dirt 
disease,  and  if  we  keep  ourselves  clean — in  the  sanitary  sense — the 
likelihood  of  catching  cholera  is  of  the  slightest.  As  Hart  remarks 
(No.  6,  1892,  ii.  p.  562): — We  may  lay  aside  all  pedantry  and 
mystery — we  may  talk,  if  we  choose,  of  "epidemic  constitution," 
"  pandemic  waves,"  "  telluric  influences,"  "  cholera  blasts,"  "  blue 
mists,"  and  the  like  terms  of  art  with  which  an  amiable  class  of 
meteorologists  has  delighted  to  cloak  ignorance.  Asiatic  cholera 
is  a  filth  disease,  which  is  carried  by  dirty  people  to  dirty  places ; 
it  only  develops  where  it  finds  dirty  places  in  the  sanitary  sense,  and 
dirty  habits  of  drinking  polluted  water  and  living  on  a  polluted  soil. 

We  eat  cholera  and  we  drink  cholera,  and  we  catch  the  disease 
in  this  way,  but  apparently  there  is  little,  if  any,  basis  for  the  belief 
that  we  catch  it  by  infection,  as  in  the  case  of  measles  or  typhus 
fever.  Even  with  all  the  exposure  incumbent  upon  them,  nurses, 
physicians,  and  attendants  in  cholera  hospitals  do  not  contract  the 
disease  in  greater  proportion  than  other  members  of  a  community.  It 
is  difiicult  to  point  to  a  single  case  in  which  the  disease  has  been 
directly  and  indisputably  communicated  to  an  attendant  where  ordinary 
precautions  are  observed.  When  it  breaks  out  on  board  a  ship,  the 
mortality  from  it  is  very  great ;  and  here  the  explanation  is,  as  in 
other  cases,  to  be  found  in  polluted  drinking  water,  not  so  much  in 
direct  conveyance  of  the  disease  from  one  person  to  another.     Cholera 
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is  carried  on  the  persons  of  iii^lividnals  along  lines  of  human  int4?rrnur9e, 
and  is  spread  chiefly  by  thc^  water  sit|«i>ly  becoming  contuminated 
through  the  carekss  habits  of  those  affected.  The  organism  jj^rows 
readily  upon  impure  driukinj^  water,  and  may  live  in  it  for  months 
Being  so  verj'  minute,  it  readily  disseminates  itself,  and  finds  entrance 
in  the  most  insidious  manner  to  cisterns  and  other  receptacles  of  storage 
water. 

Typhlitis  and  Perityphlitis  (Tit/iAo*,  c/rn^s,  and  itis). 

870,  By  iyjtMUis  is  understooil  an  inflammation,  usually  catarrhal, 
of  the  caput  ea?cunL  ITiere  is  one  special  variety  of  catarrhal 
inflammation  caused  by  the  accumulation  of  a  mass  of  hardened  fusees 
in  the  caput  cteciim,  and  to  this  the  name  is  more  particularly  applied. 
The  accretion  becomes  sometimes  so  great  that  atony  of  the  coats  of 
th«  intestine  results  with  conscrpient  failure  to  dislodge  the  mass* 
The  mucous  membrane  eoii8ef|iiently  becomes  inflamed  and  eatarrhaL 
If  the  taacal  matter  is  not  duly  removed  ulceration  of  the  mucosa 
may  result,  a  condition  whicit  if  it  spi-ead  to  the  muscidaiis  is  likely  to 
bring  about  perforation, 

Without  there  being  actual  perforation,  the  state  of  the  Ixjwcl  may 
set  up  a  suppurative  inflammation  in  the  surrounding  cellular  tissti^t 
ending  in  the  fc^rmation  of  an  abscess.  This  condition  is  known  aa 
perityphlitis.  The  ab»cess  may  jioint  subsequently  in  the  ilinc/ojsm^ 
or  ma)'  open  simultaneously  licre  and  into  the  arnnn, 

Miisses  of  faecal  matter  or  foreign  bodies  may  similarly  lodge  in 
the  Vermiform  appendix  and  set  up  a  like  condition  in  and  around 
it.  The  a[i[»endix  unually  Iwicomes  adherent  to  the  j»eritoneuni,  and 
hence  a  iatal  perfomtiou  may  be  avoidinl. 


Waxy  Diskask. 

871.  In  all  ttiea  of  general  wa^ry  disease  the  intestine  will  he 
found  to  have  participated.  Tlie  ileum  is  the  |iart  which  fuffen 
most,  but,  practically  ftj>eaking,  any  part  may  fehow  a  brown  reaction 
with  iodine.     The  rectum  b  least  often  affected. 

To  the  naked  eye  the  intestine  presents  nothing  peculiar  when 
umitained,  but,  when  imline  is  applied,  the  mucoi^a  assumes  a  dark 
brown  colour.  The  villi  are  the  cliief  scat  of  deposit,  and  these 
ctaml  up  from  the  surface  as  little  Imttcn  jmjectimis  readily  visible 
with  unaided  vision  or  by  means  of  a  pocket  lens.  In  the  large 
inteatiue  the  stain  is  mure  diffuse. 

Mxamuud  micromvpicdjllff^  the  masses  of  amyloid  are  found  in  the 
interspaces  round  the  bloml- vessels  of  the  villi.  The  vessela,  aa  in 
other  local  it  icn,  are  compressed  conflci|uently»  and  the  circulation 
through  them  intemipted. 

lii^th  in  this  and  in  tubercular  diaease  of  the  intestine  or  of 
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mesenteric  glands,  the  absorption  of  fat  suffers  more  than  that  of  any 
other  constituent,  and  the  fsecal  excreta  have  the  characters  of  the 
fatty  stool  (Fr.  Mueller,  No.  49,  1887,  ii.  p.  277). 

Method  of  Demonstration. — Inject  the  blood-vessels  with 
Richardson's  blue  ;  stain  with  gentian- violet.  . 

Venereal  Affections  of  the  Intestine. 

872.  In  persons  lending  themselves  to  unnatural  sexual  inter- 
course, chancres,  hard  or  soft,  frequently  show  themselves  upon  the 
mucosa  of  the  rectum  or  at  the  anus.  In  congenital  syphilis,  how- 
ever, truly  tertiary  deposits  are  found  at  different  parts.  In  most 
instances  these  take  the  form  of  a  chronic  fibrous  condition  located  in 
patches,  but  in  other  cases  condylomatous  masses  or  gummatous  nodules 
may  be  found  or  an  eruption  of  miliary  nodules. 

Wasting  of  Intestine. 

873.  Blaschko  (No.  13,  xciv.  1883,  p.  136)  describes  two  cases 
of  atrophy  of  the  intestine  in  which  he  found  the  ganglia  and  fibres 
of  Meissner's  and  Auerbach's  plexuses  and  their  connections  in  a 
state  of  fatty  degeneration. 

Tumours  of  Intestine. 

874.  Polypi  are  of  frequent  occurrence  in  the  rectum  and  large 
intestine  generally.  They  frequently  become  detached  and  are  passed 
per  anum.  They  vary  in  size  from  a  pea  up  to  that  of  a  walnut 
or  large  orange.  Whitehead  (No.  6,  1884,  i.  p.  410)  records  a  most 
remarkable  case  where  an  enormous  multiple  pedunculated  growth 
was  attached  to  the  lower  part  of  the  rectum.  On  introducing  the 
arm  into  the  colon  similar  pedunculated  growths  could  be  felt,  but  of 
smaller  size. 

They  are  usually  of  fleshy  consistence,  and,  on  microscopic  exami- 
nation, are  seen  to  be  made  up  of  a  young  fibrous  tissue  containing 
many  fibro-blasts  and  numerous  intestinal  glands,  which  are  often  in 
a  state  of  distension  and  filled  with  mucus.  Some  of  them  appear  to 
be  true  adenomata.  The  tumour  just  referred  to  was  probably  of 
this  nature. 

Myomata  are  sometimes  found  in  great  abundance  and  growing 
from  the  muscularis. 

Cancer  frequently  takes  its  origin  from  the  mucosa.  Its  locality 
is  more  at  the  lower  end  of  the  large  bowel  than  elsewhere,  the 
rectum  being  perhaps  the  commonest  site,  the  sigmoid  flexure  next  in 
order. 

Cylinder-celled  cancer  has  been  described  occasionally  both  in  the 
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Btcimrtch  Mu]  rocturtL  LMV^mn  (No.  4,  iii.  1876,  p,  .100)  nierjtions 
the  foiitiition  us  one  in  whidi  tlie  cylitidricul  epithelium  is  arnirigiHl 
in  glmnMike  circles  endosetl  in  hvcufisf  of  Kbrous  tissue.  T}w  tinnnur 
migliL  have  l>ee«  niistakeu  for  a  jkiI^jmij*  hud  ix  neighbouring  lymph- 
gland  not  shown  a  de)x>6it  of  the  saniu  type.  In  some  [larts  it  wh^ 
like  an  miemmin^  in  others  it  prLi«ont(^d  the  heterologous  characters  of 
a  true  cuncer.  Otlicr  secondary  timioiirs  were  found  in  the  great 
cpi]»l'"in.     The  tnnionr  wm  firmly  fixed  to  the  intestinal  wall 

Sarcoma  of  the  inteHtine  ig  mre*  When  preaent  it  generally 
tftkes  the  form  of  a  p()ly|»oid  mw^^ 

Gas  CvsiTa 

875.  Gas  cysU  are  met  with  occasionally  in  the  vagina.  Thoy 
also  rtcmr  very  rarely  in  the  intestine. 

In  a  cuH*^  which  lately  came  nttder  the  notice  of  the  author  they 
presental  the  appearance  of  an  enij^tiondike  crop  of  rounded  tumtJtirs, 
L^ach  alMiut  the  si/e  of  a  large  pea  atid  ^ing  within  the  mucosa  of  ihf 
ileom.  So  shar[dy  isolat«*d  and  hard  wer*!  they  thut  at  first  they 
were  supposed  tu  he  myomatji.  On  cutting  into  them,  however,  they 
were  founii  U:>  ho  liollow.  They  were  lined  with  a  smooth  ami  well- 
dctimni  mi'mbrane  and  their  contents  were  completely  aeriform,  Tho 
wall  WHS  thick,  almost  like  that  of  a  hydatid  cyst. 

For  tnanner  of  formation  see  account  given  under  Diseaaes  of 
Fftmalc  Organs  of  Generation^  p.  420. 


Entkieoliths, 

876.  It  ia  rarely  that  concretions  are  found  in  the  stomach.  A* 
ft  rule  they  lie  in  tiomc  part  of  the  small  intestine. 

Kooyker,  however  (No  411,  I8M7,  ii.  \\.  2G9),  descriUed  some  lime 
since  a  concrotiondikf  mass  in  the  stomach  of  a  man.  It  weighed 
885  grm.»  was  IH  cm.  long  and  ^  cm.  thick  ;  iheiv  were  *aher  two  of 
•mailer  sixe.  It  left  a  dimple  when  com|ireiified  with  the  linger:  it 
did  not  iMisseas  a  nucleus ;  and  had  a  fiee^d  odour.  The  tumour  was 
couipoiied  largely  of  vegetable  matter,  and  had  simtdated  a  cancer 
during  life. 

thm  in  the  ini^Mine  are  frecjuently  takert  for  mnrrmm  tnnumr$» 
Th*}y  lie  quite  loowe  in  the  intestine,  but  ihi  not  seem  to  W  pas.<M*d 
onwanls.  It  is  possible  that  thry  induce  nn  atony  of  the  muscular 
coat  at  the  jK»int  where  they  are  relaintnL 

They  are  mafle  up  largely  of  rttjcUthU  rt/uM  and  /ami  HHtUer 
by  lim^  sttJU,  A  form  common  in  Scotland  in 
stimetimes  met  with  eveu  yet,   ia   the  o^U-htigk 


k>und  into  a  mass 
bygone  times,  and 
eoncntttotL 

It  is  very  light 
concentric  vtratification  resemble  the  calculi  found    in 


Others  are  much  more  compact^ 


in  their 
blhlder. 
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Tliey  may    i>o8fie8s   a   nucleus,    consistiii^^   of   a    particle   of    foreign 
matter  of  some  kind  accidentally  admitted  into  the  intestine. 

In  the  horse  and  cow  intestinal  concretions  are  very  common 
and  reach  a  great  size.  They  often  consist  of  hair  lionnd  together  a.s 
before  described*  Porous  foreign  bodies  swallowed  l>y  the  cow,  such 
sks  woollen  articles  of  clothing,  etc.,  may  become  petritied  by  being 
iiupregnated  with  lime  salts  and  in  course  of  time  prove  a  cause  of 
obstruction. 

Intestinal  Actino-mycosis  and  Anthrax.     (See  Bmteriohgtj.) 
Intestinal  Animal  Parasites.     {See  Aninwl  PimmU's.) 
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CHAPTER   LXXVl 

THE  PANCREAS 

Functional  Diseases. 

877.  Some  of  tho  functional  diseases  of  the  pjincrcas  have 
alreiuly  ])cen  considered  along  \i'ith  the  disorders  of  digestion.  It 
remains  further  to  refer  to  the  conii)aratively  newly  discovered 
disease,  namely, 

PANCRI-LiTIC    DiABCTES. 

87S.  Dijibetos  mellitus  sometimes  accompanies  disease  of  the 
pancreas ;  it  invariably  follows  its  excision  in  the  lower  animals. 
Among  the  diseased  conditions  which  call  it  forth  may  be  mentioned 
abscess,  cancer,  ciilculous  ol)st ruction  of  the  ducts,  and  wasting  of  the 
gland  fn»m  various  causes. 

Mere  ligature  of  the  duct  of  the  gland  in  an  animal  does  not 
excite  it,  but  ligature  of  all  the  pancreatic  vessels  does. 

It  has  1>een  sup|)Osed  that  the  cause  of  the  diabetes  after  excision 
of  the  pancreas  is  the  injury  to  the  heiuitic  nerves  incident^il  to  the 
operation.  This  iilea,  however,  has  of  late  fallen  into  disfavour. 
The  view  that  reconnnends  itself  to  those  who  have  worked  at  the 
matter  experimentally  is  that  the  jKincreas  secretes  a  glycolytic 
ferment  (Lupine  and  Barral — see  various  jjaiwrs.  No.  40,  1890-1891) 
which  is  absorl>ed  by  the  lymphatics  of  the  organ,  and  thus  finds 
entnince  into  the  blood-stream.  When  this  is  absent  |Mirt  at  least  of 
the  sugar  within  the  blood  fails  to  l>e  split  up  and  is  consequently 
shed  in  the  urine.  As  lx»aring  this  out  Minkowski  (No.  43,  xxix. 
1892,  pp.  90,  G39)  found  that  by  inserting  a  piece  of  the  excise<l 
jwncreas  under  the  skin  of  the  alKlomen  after  removal  of  tho  entire 
jxincrcas,  the  development  of  dialwtes  was  retarded. 
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ORGANIC  DISEASES. 
Diseases  of  the  Ducts. 

879.  Ranula  Pancreatica.  —  The  pancreatic  duct  sometimes 
becomes  obstructed  either  from  a  tumour  of  the  diwdenxim  or  neighbour- 
hood or  from  the  impaction  of  calculi.  Like  the  parotid  duct  under 
these  circumstances,  it  becomes  distended. 

The  calculi  found  occluding  the  duct  are  comparable  to  those 
found  in  the  salivary  ducts,  and  are  composed  mainly  of  carbonate  of 
lime.     They  are  sometimes  over  an  inch  in  length. 

The  cysts  which  form  in  the  pancreas  are  developed  out  of  the 
main  duct  or  from  its  finer  tributaries  in  the  substance  of  the  gland. 

The  effect  upon  the  gland  tissue  of  closure  of  the  duct  has 
been  studied  experimentally  by  Arnozan  and  Vaillard  (No.  4,  iii. 
1884,  p.  287).  They  came  to  the  conclusion  that  ligature  of  the 
canal  of  Wirsung  (main  duct)  determines  the  setting  up  of  general 
dilatation  of  the  ducts,  destruction  of  the  gland  substance,  and  an 
excessive  formation  of  interacinous  cicatricial  substance.  What  seems 
to  happen  is  in  all  respects  alike  with  that  which  follows  in  the  liver 
when  the  bile  duct  is  the  seat  of  ligature. 

The  general  result  of  observations  (Cohnheim,  Mueller,  etc.)  made 
on  the  functional  effects  of  occlusion  of  the  pancreatic  duct  seems  to 
favoiu*  the  view  that  in  animals  it  causes  very  little  disturbance.  The 
absorption  of  stiirchy  matter  from  the  intestinal  contents  does  not 
appear  to  suffer ;  that  of  meat  seems  to  be  somewhat  reduced ;  but  a 
higher  percentage  of  fatty  matters  in  the  stools  cannot  be  made  out. 
According  to  Mueller  (No.  49,  1887,  ii.  p.  277),  it  is  doubtful 
whether  steatorrhmi  is  an  accompaniment  of  pure  obstructive  disease 
of  the  pancreas.  The  intestinal  secretion  seems  to  take  on  vicariously 
the  abolished  functions  of  the  gland. 

Inflaimmatory  Affections. 

880.  The  pancreas  is  very  rarely  a  seat  of  inflammation ;  but 
inflammatory  affections  of  its  substance  are  not  entirely  unknown. 
Where  acute  inflammation  has  been  found  affecting  the  substance  of 
the  gland,  local  haemorrhage  has  been  a  notable  and  peculiar  feature 
associated  with  it  In  some  cases  it  goes  on  to  suppuration  and 
abscess.  The  abscesses  are  mostly  small,  about  the  size  of  a  pea, 
and  multiple.     The  suppuration  appears  to  be  septic  in  most  cases. 

A  cirrhosis  of  the  pancreas  has  occasionally  been  noticed. 

Fat  Necrosis. 

881.  Ponfick  (No.  13,  Ivi.  1872,  p.  541)  described  a  lesion  by  this 
name  which  he  found  in  the  bone-medulla  of  the  large  hollow  bones 
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of  an  enLiciated  and  drop&ic4il  young  woman  who  died  from  empyema 
and  wax-like  disease.  Within  the  medulla  were  numerous  alnit^st 
colourless  masses,  which  from  their  size  and  configuration  might  have 
l»cen  mistaken  for  tuljerclcs.  They  proved,  on  microscopic  exanjiruv- 
tion,  to  he  jwrtion^  of  marrow  which  had  undergone  fatty  degeneration, 
the  resulting  piece  of  Umne  being  fille*!  with  com]>ound  granuhir 
coriniscleij. 

Similar  localised  necrodes  are  met  with  in  the  abdominal  fat  not 
very  uncommordy,  and  the  fat  which  i.s  l>ound  up  with  the  pancreas 
sometimes  lK?cumcs  the  se-at  of  them.  They  are  scjvttcred  widrly 
through  its  substance,  und,  according  U)  Balder  (No.  13,  xc.  \^^2,  p. 
520),  may  cjiuse  death  from  ha*ni<irrhage.  Their  |Kithology  seems 
to  be  quite  tmexphiincil.  (Fi>r  further  juirticulars  consult  \m\m 
mentioned  in  Bibliog.) 


Neoplasms. 


B82.  Cancer  and  Adenoma  are  the  commonest,  more  paHicularly 
the  former-  it  U  often  diiUcalt  to  say  whethei-  a  cancer  invading  the 
head  of  the  pancreas  has  been  primaiy  in  that  organ  or  whether  it 
hA8  been  secondary  to  a  cancer  of  the  duodenum.  The  tumour  is 
ulinost  Always  locat<'d  in  the  head  of  the  urgiui,  a  fact  which  would 
SMm  to  flavour  the  latter  of  these  views.  In  some  cases,  however,  the 
tumour  npjK'arrt  t^o  b*'  primary* 

Tubercular  and  syphilitic  afTections  of  the  gknd  are  almo^ 
unknown. 


i 
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THE  PERITONEUM- 
IKPLIMMATION — PERFTONlTia. 

8SSk  TIm  minute  alterations  of  the  membrane  when  inflamed  have 
ftlroidy  been  fully  discuased  (vol.  i*  Sect  176).  It  remains  simply  to 
imlicato  the  grijsser  foattu^es  of  the  dise^^e  and  its  various  causes  and 
issues, 

Whfsn  acutely  inflamed,  the  i^eritoneum  becomes  congested  and 
opaque.  That  covering  the  bowel  may  be  deeply  congestetl  with 
extra vasations  of  TiloofI  in  iu  subftUnce.  A  coating  of  fibrinotia 
lymph  on  the  surface  often  renders  the  opacity  of  the  membrane 
a  still  more  striking  feature. 

The  two  chief  i^ues  are  in  the  formation  of  adhesions  and 
suppuration.  The  adhesions  are  brought  about  in  the  game  way  as 
adhesioni^  of  .serous  siufaces  elsewhere.  When  eujipuration  occurs, 
the  pus  temls  to  biig  in  all  the  dependent  pouches  of  the  sac^  and 
particularly  in  the  pehns.  It  must  l»e  borne  in  mind,  however,  that 
the  suppuration  may  be  partially  distributed  and  that  the  pu«  may 
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be  pent  up  in  parts  of  the  alHlomen  other  than  those  which  are 
dependent. 

When  the  adhesions  become  iiljioiis  the  conserjuent  matting  together 
of  the  bowel  often  induces  tlisjistrous  ert'ects  by  obstnicting  the  onward 
passage  of  the  contents.  Sometimei^  the  great  omentum  beuontes 
rolled  up  in  a  ropt'-likr  mauner  and  attached  by  its  free  extremity 
iiaually  to  the  lower  part  of  the  anterior  alKlomiiml  wall  or  to  the 
l»eritoneum  lining  the  iliac  fossii.  At  other  times  hnd  or  omhlikr 
adhes'tonii  are  found  stretching  between  distant  looj)s  of  intestine,  or" 
fastened  on  the  one  hand  to  the  intestine,  on  the  other  to  simie  part 
of  the  parietal  peritonenra.  A  mass  of  bowel  may  slip  under  such 
bandn  and  suffer  strangidation. 

The  included  loops  of  bowel  come  to  be  more  and  more  loaded 
with  ftecul  matter  until  their  jeturn  is  rcmlcred  impossible  with- 
out division  of  the  constriction.  They  snR'er  extreme  congestion^ 
hiemorrhages  tiike  place  into  their  coats,  the  glossy  lustre  of  the 
surface  vanishes^  and  the  bowel  becomes  tfiutijnftous. 

Causes. — ^Tbcse  are  chietly  perforation  of  some  part  of  the 
^tro<inteRtinal  tract,  with  escape  of  fiecal  matter  or  of  the  contents 
of  the  stomachy  as  in  ittphmd  Jeirr  or  acute  pt^rfirndimf  nk^r  tf  the 
xi^mutrh.  It  is  also  a  common  setpiela  of  peritoneal  iuhercnloHl^  cancer, 
or  some  other  tumour  disease.  The  jmiurienf  mman  is  liable  to 
siifter  from  it  for  ol)vioU3  reasons;  and  of  course,  as  might  be 
expected,  it  is  often  due  to  traumatic  causes,  as  where  the  peritoneum 
18  vxmnded  from  without. 

The  serous  coat  of  the  intestine  alone,  if  left  intact,  appears  to  be 
euflicient  to  prevent  septic  contamination  from  the  contents  of  the 
Ijowel.  The  same  hohls  good  often  of  the  peritoneum  covering  a 
septic  alMlonunrd  absctss. 

Pathological  Phenomena, — As  a  rule,  the  disease,  in  its  acute 
form,  is  accompanied  by  gi'eat  pain.  It  is,  however,  a  reraarkalile 
fact  borne  out  by  a  pretty  common  ex|»erience  that,  even  when 
suddenly  induced,  as  fnmi  traumatism,  there  may  be  excessive  peri- 
tonitis without  any  manifestation  of  pain  or  even  a  rise  in  temperature 
— nothing,  in  short,  to  indicate  the  excessively  morbid  state  of  the 
membrane. 

The  nutbor  has  seen  a  remarkable  ea^ie,  anion j^^  others,  of  XhiA  kind  wJjere  a  man 
rill  Jigainst  a  ^hfLt\\  rail  in  Uio  dark  and  inflicted  oa  himself  an  abdominiil  Injury. 
The  rail  penctnited  the  lower  asj^ett  of  tht?  scrotum,  pa^stil  \\\\  the  sbeatli  of  the 
re«tuii  abdominis  uiUHcle,  and  entered  the  abdom«?ii  clu&e  to  the  nmhilieus.  It 
c^rritfd  nith  it  a  phi^diko  mass  cooiposod  of  tlie  vfliiouH  articlfs  of  clotUipg  wbidi 
li«  wor*  At  the  tini»i  of  the  accident.  TJiis  maaa  neatly  torn  olf  from  the  dilfenMit 
I  ^tffDt'titB  WM  found  lying  free  in  the  abdominal  cavity  aurroujided  by  pna.  Tb«rii 
V  &Uo  mor<?  or  leas  gencrnl  diffiiBt*  sui>t>iirative  l>erit€^nitis.  The  man  did  not 
oaiD]dAia  of  |iain,  nor  w«s  thorv  any  rise  in  tcnii»erature  ;  so  that  it  was  never  even 
#UJ|>«iteti  thai  he  nUfr<.Tt>il  from  tlii^  abdominal  snitpnration  which  caused  his  dvatb, 
Tb«  ciar  abo  shoies  the*  i>oHaibility  of  a  foreign  body  lying  within  the  abdomioal 
rAtity  Without  exciting  subjective  inconVLnionct*. 
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When  H  septic  abscess  bursU  into  the  peritoneum,  intmefluile, 
almost  infitanUneoua,  eollapec  mny  ensue.  Tke  cau«M^  o!  thi»  is 
prolmbly  the  rapid  absorption  l>y  the  peritijin'imi  of  the  septic 
chemical  products.  The  indivitlual  may  rally,  huwover,  for  a  lime 
and  again  pass  into  a  suite  of  coUapi^e  from  the  Hnpcrventioti  of 
peritonitis. 

Peritonitis  baa  a  most  dfjn'fssifitj  effect  npan  the  /warf,  most  likely 
from  the  intimate  association  of  the  membrane  i^Hth  the  ramifications 
of  the  vagus  ner\  c, 

TimERCLTLOSIS. 


t^Si.  It  is  often  difticult  to  trace  the  soiuto  of  tnbercubir  in- 
fection in  the  ciise  of  the  peritorieunL  A  woman,  for  instance,  is 
delivcretl  of  a  child  ;  peritonitis  f»»llows  and  the  lymph  Ijecomes  cheeny  ; 
the  tidicrcle  Iwicillui*  develo])*  within  it :  ami  a  ii^eneral  tubercular 
eruption  folhj^vs  in  course  of  time  in  vanoiw  organs.  Possibly  the 
bacillus  in  ^uch  a  case  gains  access  to  the  abdomen  through  the 
Fallopian  tubes,  a  very  unlikely  supposition,  or  is  derived  from  the 
intestine 

In  most  instances  of  primary  tubercular  peritonitis  there  is  no 
tubercular  ulceration  of  the  intestine,  nor  is  there  even  enlargement 
of  the  follicular  tis^tu'.  If  ulceration  of  the  mucosa  is  found  in  such 
cases  it  is  usually  seci»ndary  to  a  nuissive  ileposit  of  tubercle  in  the 
|ieritoneal  coat  and,  it  may  be,  is  limited  to  one  or  at  most  two  or 
thret*  s|>ut6. 

Primary  fnbtrruloiis  ttf  the  jteritoiieum  and  inlpffcuktr  ulceration  of  the 
inUstin'il  mHC'mi  are  two  different  diseases,  and  are  not  usually  associated. 
When  there  is  tubercular  ulceration  of  iho  mucosa  the  mesenteric 
glantls  certainly  Vwcome  enlarged  and  tilled  with  gray  tubercles^  but 
the  jKjritonetmi,  with  the  exception  of  that  co%'ering  the  lx)wel  im> 
mediately  o|»jK>sile  the  ulcers,  as  a  nile,  is  free  from  tul^erculosis. 

When  a  primary  eruption  of  tubercle  l>reaka  out  o^er  the  jjeri- 
toneum  it  excites  jt^itonitij.  The  peritonitis  is  of  a  suliacute 
OAture,  so  that  it  may  not  prove  imme<liately  faUiL  Great  Bbroiu 
ftdhesion  of  the  bowel  to  adjacent  visceini  and  lo  the  ijarietal  layer 
of  peritoneum  takes  place.  The  whole  of  the  alxlominal  %iBeera  are 
matud  together  so  that  they  can  be  excised  almost  as  a  solid  tumour- 
like  mass.  MixihI  tip  with  the  coils  of  the  intestine  and  its  adhesions 
are  innumendde  ttd»en'les.  They  vary  in  size  from  a  millet  seed  to 
tbAt  of  a  licirse  iH'an,  and  ar<'  mostly  cheesy  in  the  interior.  On 
•epAmting  the  adhesions  more  or  less  curdy  pu^  may  1>e  found  encap- 
tilled  by  them.  The  tubercles  tend  to  mmify  over  the  cajisule  of 
the  liver  but  not  within  iti«  ."^ulistance.  They  are  very  almndant  on  the 
ttnder  asi^ect  <if  the  diufihragm,  where  they  evidently  develop  within 
the  large  lymphatic  tnmks  in  this  situation.  Other  organs  throtlghoal 
the  body  may  be  tubercular  or  itot. 
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Cancer, 

885.  In  the  majority  of  cases  this  is  secondary  to  cancer  of 
some  abdominal  organ.  It  is  asserted,  however,  that  an  eruption 
upon  the  membrane  of  primary  cancer  is  met  with.  The  author  has 
never  seen  such  a  case.  The  acquired  mesoblastic  peculiarities  of  the 
peritoneum  seem  to  have  so  diluted  any  epithelial  characteristics  which 
it  may  be  supposed  to  have  inherited  from  its  presumably  hypoblastic 
descent  (see  Malformations)  that  the  latter  seldom  assert  themselves. 
But  in  the  case  of  all  cancerous  tumours  springing  from  the  abdominal 
viscera,  and  more  jmrticularly  where  the  tumour  occupies  the  stomach 
or  intestine,  secondary  cancer  tumours  are  likely  to  be  found  in 
some  part  of  the  peritoneum.  The  omentum  is  a  common  seat  of 
such  secondary  growths.  They  grow  often  first  of  all  as  pendulous 
almost  polypus -like  bodies  from  the  appendices  epiploicae  of  the 
transverse  colon.  These  fusing  constitute  a  hard  tntnsrersely  direded 
hrit  or  band  easily  felt  through  the  abdominal  wall,  and  with  which  the 
omentum  is  usually  intimately  bound  up.  The  tumour  has  a  great 
t^ndencv  to  colloid  degeneration. 


LiPOMATA. 

886.  Sometimes  the  appendices  epiploicte  are  so  loaded  with  fat 
that  they  constitute  actual  fatty  tumours.  They  occasionally  become 
strangulated,  sei)arate,  and  remain  as  free  non- adherent  masses  in 
the  peritoneal  sac.  Their  presence  does  not  seem  to  excite  peritonitis, 
probably  because  their  separation  takes  place  aseptically. 

Absorption  of  blood  from  the  peritoneum,  Ascites,  Haemor- 
rhage,  etc.,  are  described  in  other  connections.  See  Transfusion, 
Drajfsy,  Pelvic  hvmniocele,  etc. 

General  LrrEUATURE  on  the  Pancreas. 

Antonelli  (Digestion  of  Fat) :  Gior.  internaz.  d.  sc.  med.,  vii.  1885,  p.  568. 
Amozan  and  Vaillard  (Exj^rimental) :  Arch.  d.  Physiol,  iionn.  et  path.,  1884,  iii. 
p.  287.  Balzer  (Fat  Necrosis):  Arch.  f.  \^dX\\.  Anat.,  xc.  1882,  p.  520.  Bourquelot 
(Digestion  of  Fatty  Substances);  Journ.  de  pliarm.  et  cliim.,  xii.  1885,  p.  530. 
Claessexi :  Krank.  d.  Bauchspeicheldriise,  1842.  Dickinson  (Cancer) :  L'pool  Med.- 
Chir.  Journ.,  viii.  1888,  p.  85.  Fitz  (Pancreatitis):  N.  Y.  Med.  Rec,  xxxv.  1889, 
pp.  197,  2-25,  253.  La  Fleur  (Fatty  Degeneration) :  Med.  News,  Phila.,  liii.  1888. 
V.  Gieson  (Fat  Necrosis  in  P.):  N.  Y.  Med.  Rec,  xxxiii.  1888,  p.  477.  Harris 
and  Tooth  (M. -Organisms  and  Pancreatic  Digestion) :  Journ.  Physiol.,  ix.  1888,  p. 
220.  James  (Pancreatic  Dig.) :  lirit.  Med.  Journ.,  1885,  ii.  p.  1012.  Kiihn 
(Primary  Cancer  in  Childhood):  Berl.  klin.  Wochnschr.,  xxiv.  1887,  p.  494. 
Litten  (Primary  Sarcoma):  Deut.  nied.  Wochnschr.,  xiv.  1888,  p.  901.  Seebohm 
(Primary  Cancer):  Deut.  med.  Wochnschr.,  xiv.  1888,  p.  777.  Virchow  (Ranula 
Pancreatica)  :  Berl.  klin.  Wochnschr.,  xxiv.  1887,  p.  248. 

Panereatic  Diabetes. — Harley  (Pancreatic  Diabetes) :  Brit.  Med.  Journ.,  1892,  ii. 
pp.  9,  462.  H^don  :  Arch,  de  med.  exp^r.  ct  d'anat.  path.,  iii.  1891,  p.  44.  Lupine 
and  Barral :  Compt.  rend.  Acad.  d.  Sc.,  ex.  1890,  p.  1314  ;  Ibid.  cxii.  1891,  p.  146. 
Minkowski:  Arch.  f.  exp.  Path.  n.  Pharmakol.,  xxxi.  1893,  p.  85.  Thiroloix : 
Le  diabete  pancreatique,  1892. 
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General  LiTEKAxrRE  ox  the  Perithneim. 

Coe  'Groufied  Cells  in  Ascitic  Fluid  as  Diagnostic  of  Malignant  Disease) :  X.  Y. 
Med.  Journ.,  xlviii.  1888,  p.  103.  Gatrdner  i  Peritonitis) :  Me<].  Times  and  Gaz.. 
1S$5,  ii.  \K  273.  V.  Grtimbkow:  Beitrag  zur  Aetiologie  de  Peritonitis,  1SS7. 
M'Ardle  .'Perforative  Peritonitis):  Tr.  Roy.  Acad.  Med.,  Ireland,  vi.  1888,  p.  392. 
PAwlowsky  (Peritonitis):  CeutralM.  f.  Chir.,  xiv.  18<i7,  in  8S1.  Pernice  (Ex- 
perimental Peritonitis) :  Kiv.  inteniaz.  di  med.  e  chir.,  Xajioli,  iv.  1887,  p.  1. 
RiMenberrr  (Acute  Peritonitis  without  Pain) :  Meil.  Age,  r>etroit,  v.  1887,  p.  29. 
Terrillon  (Lipomata  of  Mesenterj*) :  Arch.  gen.  de  met!.,  1886.  i.  p.  257. 


CHAPTER  LXXVII 

THE   NERVOUS   SYSTEM 

Membranes  covering  Central  Parts. 

Anatomical  Details. 

887.  The  membranes  enveloping  the  brain  and  spinal  cord  may  be 
said  to  be  tico  in  number — the  dura  mater  and  the  pia-arachnoid. 

The  encephalic  dura  mater  not  only  serves  as  a  covering  of  the 
brain,  but  also  fulfils  the  purpose  of  an. internal  periosteum  to  the 
skull.     Many  of  its  diseases  bear  out  this  periosteal  relationship. 

The  arachnoid  cannot  be  considered  separately  from  the  pia. 
The  two  form  the  adjacent  walls  of  a  sac,  the  subarachnoid  space,  and 
are  united  by  a  complete  sponge  work  of  retiform  trabecular  tissue. 
The  walls  of  this  sac  and  the  trabecula3  uniting  them  are  covered  by 
endothelium,  and  the  cavity  is  filled  with  lym})hy  liquid.  The  sac 
indeed  is  a  huge  lymph-cistern,  subdivided  by  means  of  these  trabeculae 
into  minor  sacs.  Blood-vessels  ramify  in  its  walls,  and  project  into  it 
so  freely  that  effusions  of  all  kinds  poured  out  from  them  accumulate 
within  it.  As  in  the  case  of  the  pleura,  disease  affecting  the  one  wall 
will  almost  always  Ije  found  implicating  the  other. 

Inflammation  of  the  Membranes — Meningitis. 

888.  The  term  meningitis  {fii\viy^,  a  membrane)  is  applied 
generically  to  inflammatory  affections  of  any  of  the  encephalic  or  spinal 
membranes ;  that  of  pachymeningitis  {iraxxs,  thick)  to  the  disease 
when  confined  to  the  dura,  while  that  of  leptomeningitis  (Acttto?, 
slender)  is  employed  when  the  disease  has  its  seat  in  the  pia-arachnoid. 

l\ichymenin<iitis, 

889.  When  the  disease  is  acute  in  its  onset  and  in  the  course 
which  it  runs,  it  will  be  found,  if  not  tubercular,  to  be  septic.     Com- 
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pound  fracture  of  the  skull,  the  wound  made  in  trephining,  disease 
of  the  ear,  pyaemia,  and  so  on,  are  the  more  immediate  exciting 
causes.  The  membrane  is  not  naturally  prone  to  acute  inflammation, 
and,  if  septic  mischief  is  avoided,  will  bear  considerable  mechanical 
insult. 

As  might  naturally  l>e  expected,  the  inflammation  in  septic  cases 
ends  in  suppuration,  and  the  pus  is  either  discharged  into  the  subdural 
space,  or,  separating  the  membrane  from  the  bone,  becomes  more  or  less 
completely  encai)8uled  between  them. 

The  disease  in  its  chronic  form  sometimes  arises  without 
apparent  cjiuse,  but  in  a  large  proportion  of  instances  is  due  to 
tertiary  sifphilia.  The  jwrietal  and  frontiil  regions  are  pcrhajw  the 
commonest  seats  of  the  syphilitic  deposit.  A  s|>ecial  variety  of 
pachymeningitis,  not  necessarily  syphilitic,  is  found  affecting  the  up|)er 
cervical  region. 

The  membrane  is  seldom  universally  thickened  ;  more  commonly 
the  thickening  occurs  in  patches.  It  is  detached  with  difficulty  from 
the  calvaria.  Examined  microscopically,  the  thickening  is  seen  to  be 
due  to  excess  of  fibrous  tissue ;  it  is  i-aroly  that  the  inflammatory 
products  suppurate. 

Syphilitic  pachjrmeningitis  is  usually  accomjxanied  by  syphilitic 
disease  of  the  bone.  The  bone  may  be  merely  roughened  and  in- 
durated ;  it  is  more  likely  eroded  internally,  jX)ssibly  to  such  an  extent 
as  to  have  ciiused  actual  ]>erfonition  of  the  skull  in  some  part«.  The 
erosion  may  also  spread  from  without  inwards,  but  in  such  cases  the 
membrane  is  secondarily  affected  ;  when  the  erosion  is  on  the  inner 
aspect  the  syphilitic  disease  will  be  found  to  have  taken  origin  in  the 
dura  mater.  The  erosion  often  proceeds  at  several  |)oints  simul- 
taneously. Pus  may  accumulate  under  the  scalp  and  a  slough  lay  }>are 
the  disintegrating  lx>ne. 

It  hap))ens  occasionally  that  the  syphilitic  deposit  is  primarily  im- 
planted in  the  brain  in  the  form  of  a  gummatous  tumour.  This  may 
become  adherent  to  the  dui*a. 

The  apjwarance  of  the  dura  mater  where  the  disease  has  com- 
menced within  it  is  quite  characteristic.  Sclerous  jmtches,  varying  in 
size  from  a  sixpeimy-  to  a  penny-piece,  or  larger,  are  scattered  over  it 
at  intervals.  They  are  hardest  at  the  centre,  and  when  cut  into  their 
texture  is  seen  to  Ik*  densely  fibrous,  while  probably  one  or  more 
gummatii  lie  embedded  in  the  fibrous  basis.  The  gummata  are  usually 
hanl,  flat,  and  circumscribed.  The  adjacent  bone  has  the  characteristic 
worm-eaten  apjwarance  of  syphilitic  affections  of  the  skull  {q.r,).  When 
the  erosion  starts  from  without,  the  gap  in  the  skull  may  be  an  inch 
or  more  in  width.  In  such  cjises  the  dural  membrane  does  not  as  a 
nile  give  way,  but  constitutes  the  floor  of  the  ulcer. 

According  to  Duret  (No.  521,  i  1878-79,  p.  29)  the  dura  mater  is 
highly  sensitive  to  piin.  Lesions  of  it  cause  |)ain  and  reflex  spasm  of 
the  muscles  of  animal  and  organic  life. 
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Leptomeningitis, 

890.  Disease  of  the  pia-arachnoid  may  follow  upon  a  variety  of 
circumstances.  The  largest  proportion  of  cases  are  due  to  tubercle, 
but  any  of  those  factors  previously  stated  as  being  likely  to  excite  a 
pachymeningitis  may  also  cause  an  inflammation  of  the  pia-arachnoid. 
Leptomeningitis  is  one  of  the  dangers  to  be  feared  in  ear  disease,  and 
in  septic  disease  of  the  orbit  after  enucleation. 

The  inflammations  of  this  membrane  tend  to  run  an  acute  course 
rather  than  to  become  chronic.  They  often  end  in  suppuration,  but  if 
the  individual  die  early,  which  is  often  the  case,  the  etfusion  into  the 
subarachnoid  space  will  probably  be  found  to  be  highly  fibrinous. 

In  the  suppurative  variety  the  superficial  vessels,  and  more 
particularly  the  veins,  are  seen  to  be  engorged.  They  have  a  deep 
jmrple  colour,  and  are  swollen  and  tortuous.  The  convolutions  are 
flattened  and  the  sulci  shallow,  evidently  from  pressure ;  the  ventri- 
cular fluid  is  copious.  In  the  vicinity  of  the  parts  which  are  purulent 
the  congestion  is  extreme,  and  the  pus  is  seen  lying  beneath  the 
arachnoid.  On  account  of  its  being  enclosed  within  the  subarachnoid 
space  it  is  not  easily  detached,  and  maintains  its  position  even  when 
the  brain  is  placed  under  a  gentle  stream  of  water. 

Course  followed  by  the  Pus. — When  pus  is  poured  out  at 
the  base  of  the  brain  as  a  result  of  meningitis,  it  docs  not  diffiise  itself 
generally  throughout  the  entire  subarachnoid  space,  but  infiltrates 
certain  definite  localities  and  follows  certain  constant  directions. 
Thus,  behind,  it  is  limited  as  a  rule  by  a  sharp  line  of  demarcation  run- 
ning across  the  under  aspect  of  the  cerebellum.  From  this  it  spreads 
forwards,  enveloping  the  medulla  oblongata,  pons,  and  district  of  the 
circle  of  AA'illis,  and  is  continued  into  the  two  Sylvian  fossae,  and  into 
the  commencement  of  the  great  longitudinal  fissure. 

In  taking  this  course  the  pus  is  guided  by  the  large  lymph-sacs  in 
the  subarachnoid  at  the  base  of  the  brain,  and  occupies  the  same 
position  as  when  these  are  artificially  injected.  As  shown  by  Key  and 
Retzius  (No.  540,  p.  93  et  seq,\  the  largest  of  these  lymph-sacs  lies 
around  the  medulla  and  on  the  lower  surface  of  the  cerebellum,  and 
they  give  it  the  name  of  "  cisterna  magna  cerebello-meduUaris."  There 
are  comparatively  few  trabeculae  within  this  sac ;  a  probe  can  be  in- 
serted into  it  and  readily  moved  about  in  its  interior.  During  life  it 
contains  the  greater  part  of  the  subarachnoid  liquid  at  the  base.  Hence 
pus  readily  accumulates  within  it.  At  the  line  on  the  under  surface 
of  the  cerebellum  limiting  its  posterior  boundary,  the  trabeculae  again 
become  dense,  the  arachnoid  and  pia  are  consequently  knit  closely 
together,  and  the  pus  is  thus  prevented  from  spreading  further  back- 
wards. From  this  huge  sac  there  run  forwards  over  the  pons  mainly 
three  other  sacs.  These  they  name,  from  their  positions,  respectively 
"  cisterna  medialis  pontis  "  and  the  two  "  cisternsB  laterales  pontis."  The 
former  surrounds  the  basilar  artery,  and  is  flanked  on  either  side  by  a 
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bitenil  sac.  The  mcdiiil  sac  [Kis8t*s  fcirwunU  to  end  u\  t%  hliiul 
extremity. 

Another  hac  (X-cupyin^  the  niiildlo  line  in  front  of  these  i^  tho 
*'cistertia  ehi&timatis/'  It  !io8  undi'iiieaih  tho  optic  chiji>«iina,  and  h 
richly  Itesei  with  trabecula\  J'asHin;^  otit  from  this  on  either  Ride 
arc  the  two  large  "cistcruse  fos&w  8y I vii,"  diverging  int47  the  two 
Sylvian  fo**aw  and  receiving  tribiitarioa  from  tho  iuhftnichnf)i<i  sjmces 
of  the  nrighlionring  sidci. 

The  whf>le  of  these  communieiite,  through  the  mjiin  sac  ai-oiind  the 
m^HlidU,  with  thr*  snlvirrwhnoid  R|i."ice  r>f  the  «$pimd  cortl,  and  ran  Ixs 
injectiHl  fhim  iL  Herice  the  pus  fiomotimtia  lindtt  its  way  downwards 
into  thfi  spinal  canal 

Tn}}frcidnr  AfmnngUiit, 

$91.  Tulwrcle,  a»  beforesaid,  u  the  commonest  exciting  cause  of 
meningitis.     Tiiherculir  disease  of  the  encephalic  memhraneji,  however. 
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ia  rare  in  old  age,  or  eren  in  aclult  life.  Hence  meningitis  of  tul>er* 
ciilar  origin  is  almost  exclusively  confine*!  to  ehildhiKHl  and  youth  ; 
it  is  of  rare  occurrence  in  per»fins  alnne  twenty-five  year*  of  ag*\ 

It  oithei*  manifc^is  itAcU  as  ]jart  of  a  genend  disease,  an  acutd 
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tuberculosis  of  different  organs,  or  is  the  result  of  auto-infeetion  from 
ti  cheesy  tubercular  tumour  located  in  the  1>rain  substjince.  The 
xueuibraue  affected  is  the  pia-arachtioid.  The  dura  mater  may  he 
held  as  almost  exempt ;  it  resembles  the  pcricardiuDi  in  this  respect. 

Sites. — The  tubercles  follow  pretty  closely  the  course  of  the 
blood  -  ve*&els.  They  are  minute,  seldom  ro  hirge  as  a  millet  seed, 
and  often  microscopic*  They  have  the  gelatinous  consistence  and  gray 
colour  characteristic  elsewhere  of  young  tubercles.  Their  distribution 
is  irregular,  but  certain  localities  seem  more  fa\'ourablc  to  their 
development  than  others.  Thtis  it  is  matter  of  common  note  that 
they  are  seen  much  more  frerpiently  at  the  Tjase  than  at  the  vertex. 
The  circle  of  Willis,  the  Syhnan  fossje  and  fissnres,  the  surface  of  the 
jXiHs,  the  lower  aspect  aiul  sides  of  the  cerebellum,  are  the  i>arts  in 
which  they  usually  prevail  In  fact  it  holds  good  as  a  general  m\e 
that  fh^ii  are  mtmerous  in  ptnts  where  the  large  armhrwid  hjmph  sacs  are 
located  (see  Sect.  890). 

Another  site  where  they  will  be  found  i^retty  often  is  over  the 
hasc?s  of  the  ascending  frontal  and  ascending  jmrietal  convolutions.  It 
13  imiK)rtant  clinically  to  remember  that,  when  in  this  neighbourhood, 
tiiritching  of  the  muscles  of  the  face  is  a  common  indication  of  their 
presence.  Even  from  three  to  four  mimrte  tui>ercles  occupying  the 
lower  asjHM't  of  the  motor  area  may  call  forth  this  phenomenon. 

Appearances*— The  vessels  around  the  tubercles  are  in  a  state  of 
acute  hyperipmia^  and  where  a  tnliercle  holds  an  isolated  position, 
wiierc,  for  instance,  a  single  tubercle  overlies  the  opercidum,  a  zone  of 
hypeneraia  will  be  found  encircling  it 

The  Wise  nf  the  brain  presents  a  characteristic  appearance.  The 
great  lymph  sacs  iti  this  situation  are  distended  with  fibrino-seroua 
nflamraatory  effusion,  so  that  the  arachnoid  is  forced  op,  is  stretched, 
nd  has  a  milky  gray  colour.  Dimly  protruding  through  this  milky 
and  opaque  superstratum  numbers  of  tubercles  of  different  sizes  are 
to  be  seen.  They  may  be  entirely  hidden,  however,  if  the  effusion 
around  tliem  is  abundant.  The  cranial  nerves  ai^e  fre([ueiitly  embedded 
in  the  effusion* 

The  ventricular  liquid  is  abundant,  and  the  convolutions,  probably 
owing  to  the  compression  from  this  cause,  are  flattened  and  dry. 

Examined  microscopically,  the  tubercles  (Figs.  415  and  41H)  present 

the  same  rounded  sha})e  and  sharp  border  as  elsewhere.     If  a  piece  of 

ia  mater  be  stretched  out  on  a  slide  the  tubercles  are  seen  to  be 

lustered  round  the  arteries  like  berries  on  the  liranches  of  a  plant. 

at-cells  may  be  discovered  here  and  there,  but  there  is  nsually  ati 
nee  of  reticular  structure,  probably  frnni  the  dise4i.se  having  ended 

ly  before  time  has  been  afforded  for  this  to  develop.  Their 
Dtres,  however,  notinthstanding  the  acute  progiess  of  the  disease, 

often  caseous.  The  tubercles  lie  in  the  trabeculae  of  fibrous  tissue 
pia  and  arachnoid,  and  a  small  artery  is  genenilly  found 
1   in   their  substance   or  lying  at  their  side   (Fig.   415,  <). 
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is  the  cause  of  the  stretching  and  milky  opacity  of  the  arachnoid 
referred  to  above.  The  tubercle  bacillus  (Fig.  416,  e)  is  sometimes 
abundant  within  the  tubercles,  and  is  not  difficult  to  demonstrate.  It 
has  been  found  in  the  effusion  poured  out  into  the  subarachnoid 
lymph-sacs. 

Meningitis  from  Ear  Disease. 

892.  It  is  seldom  that  disease  of  the  ear  or  of  the  mastoid  cells 
occasions  a  diffuse  meningitis.  More  commonly  there  is  a  slight 
slough  of  the  dura  over  the  tympanum,  with  or  without  adhesioji  of 
the  pia-arachnoid ;  while  only  patches  of  lymph  are  seen  on  the  inner 
aspect  of  the  dura  mater,  accompanied  or  not  by  abscess  of  the 
neighbouring  brain  substance. 

Pitt  (No.  6,  1890,  i.  p.  644)  found  that  in  ten  out  of  twelve  cases 
of  temporo-sphenoidal  abscess  from  ear  disease  there  was  sloughing  of 
the  dura  localised  to  the  above  site,  and  that  diffuse  meningitis  was 
caused  mostly  by  an  abscess  of  the  brain  rupturing. 

Sometimes  there  is  great  difficulty  in  tracing  the  connection 
between  the  ear  disease  and  an  abscess  of  the  brain  evidently  due  to 
it.  There  may  be  a  layer  of  sound  brain  tissue  intervening  even  in 
the  presence  of  a  meningitis  with  perforation  of  the  middle  or 
internal  ear.  Pitt  holds  that,  when  this  is  so,  the  channels  of  infection 
are  veins  which  empty  themselves  from  the  temporo-sphenoidal  lobe 
into  the  superior  petrosal  sinus.  The  sinus  may  be  in  a  state  of  septic 
phlebitis.  In  other  instances,  the  lymph-chunnels  convey  the  septic 
matter.  When  there  is  a  localised  adhesion  of  the  brain  to  the  petrous 
bone  the  infection  spreads  directly. 

In  instances  of  mastoid  disease  the  lateral  sinus  becomes  throm- 
bosed, a  condition  very  apt  to  excite  pyaemia. 

Toynbee  was  of  opinion  (1)  that  affections  of  the  extenial  meatus  and  mastoid 
cells  excite  disease  of  the  lateral  sinus  and  cerebellum  ;  (2)  that  affections  of  the 
tym{>anic  cavity  occasion  disease  of  the  cerebrum  ;  and  (3)  that  affections  of  the 
vestibule  and  cochlea  give  rise  to  disease  of  the  medulla  oblongata.  According  to 
Pitt  (No.  6,  1890,  i.  p.  643),  if  meningitis  follow  disease  of  the  internal  ear,  the 
jiosterior  fossa  of  the  skull  is  usually  the  seat  of  it  When  an  abscess  forms  in  the 
cerebrum  as  a  result  of  ear  disease,  the  temporo-sphenoidal  lobe  will  in  most  cases 
be  found  to  be  the  region  in  which  it  is  located.  The  abscess  may  l)e  of  such  size 
a«  to  destroy  the  entire  lobe.  The  walls  present  a  i^eculiarly  sloughy  character  and 
have  a  grayish-green  colour. 

Epidemic  Cerebro-Spinal  Meningitis. 

893.  The  disease  which  goes  by  the  above  name  is  by  many 
physicians  regarded  as  a  specific  fever  of  which  meningitis  is  a 
local  manifestation.  It  shows  itiself  epidemically  in  various  countries 
both  in  the  new  iand  old  world,  and  appears  to  be  distinctly 
infectious. 
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The  thin  mcrabmnes  of  the  cord  are  the  sent  of  vnscular  congestion, 
with  effusion  of  a  liquid*  varying  from  a  turl>id  »eniin  to  one  which 
is  distinctly  purulent,  into  the  suharachnoid  »f»acc  of  the  hrain  iind 
conl,  with  uccaiionally  a  similar  effu.siou  into  tht?  tcrebral  venLncles. 

FUal  Phenomena  of  MfitHHitts. 

H9i.  Thoijo  in  the  cummoncement  are  ujsiiidly  «»f  tht*  nature*  of 
pyrexia  followed  in  course  of  time  by  signs  of  implication  of  the 
cranial  nerves  or  eortinil  motor  centres.  The  motor  oculi  nerves,  itnd 
more  es|)ecially  the  third,  lie  eml>edded  in  the  very  focus  of  the 
disease,  in  the  basilar  form,  and  hence  »«|uini  or  some  abnormality  of 
the  pupil  is  a  common  synjptoro.  Optic  neuritis,  for  a  similrtr  reason, 
is  frequently  an  indication  of  the  diseiLse.  Stimulation  of  a  jmrticular 
eortiail  centre  by  isohit^jd  tubercles  has  alrea«ly  l»eer»  referred!  to  (p. 
r>71).  In  course  of  time,  however,  »yniptoms  of  bniin*prei»tue 
follow,  due  most  likely  to  »en>us  effuHiun  into  the  \entncles,  a 
phenomenon  discussed  elsewhere  (Sect.  905).  The  accompany in|j 
headache  may  most  likely  be  ascribeil  to  this. 

LittnUnrr  tm  J/^jiiH/r^iMv^AdamkiewiCJE  :  Thi  hyuH-rjin^iliH  Ijy|wrtnijliir4i  niiij 
chrvnic  tuf«jrt.  of  Mniiinl  ronl,  <'tr.,  IHi^o.  Bramwell  v<'''tel.n»  Spiiuil:  :  l40jci«l, 
1878.  i.  !•.  ^».  Greenfield  iSiinj»k.i:  St.  TIioii,j%m'  Hm^i*.  Rt-in,  viii.  187^,  ii.  143; 
diio(TutM'tvulHr:,  Uucr-t.  1S74.  i.  jip.  833.  904.  Henoch:  ChariU'-AtiiL,  xi.  18§«, 
pb  5ir».  Hutchioaon  <  hirwt  T'^"i""ifi'  A' M-|itiitis)  ;  At cfl.  Times  auH  <»■  ^  '^T'  L 
|MX  il9.  r»i7.      Sievcr* :   (*i  nibitj^sinuAiiji  epidi^mic^,   i 

1886,     Wicting:    M-itiugo  M;  /.  |MitU.  Arwl,  u.  k.  alk    i  li. 

189^1  p.  4U.     2iemek :   Ztir  K^umuils*  tier  Mt'tittigjtitt  cerebfo-stiiiialitt  etniieiuica^ 

ias6. 

Other  ArPEctioxs  or  thr  MeuBRAiirKS, 

895.  In  various  chronic  diseased  conditions  of  the  spina]  ^ord 
calcareous  plates  about  the  size  of  a  lentil  or  smaUer  are  found 
upon  tbr  ami  hnotcl.  A  feasible  ex^pknation  of  their  presence  has  not 
aa  yet  l>een  given. 

The  dum  mater  is  sometimes  the  seat  of  origin  of  tumours  of  the 
connective  tissue  chiaa,  such  as  fibromata^  sarcomata,  or  endothelio- 
mata.  The  hwt  of  these  often  tivkes  on  *  vlindromat^jus  characters. 
The  flat  cells  are  arranged  in  a  te-3.^*lat*ul  fiisfiiim  around  the  minute 
blood-veftftcls  (Fig.  132).  Si^condary  cjincers  <»caisiunally  grow  from 
it  More  commonly  they  ^ri-ii*  in  the  brain,  Jind  subaetjuently  become 
attached  to  the  dura. 


VENTRirULAFt  GkANFLATIOKS. 

In  chronic  diseaset^  of  the  brain  of  different  kinds  the  lining  mem- 
brane of  the  ventricles  sometimes  presents  a  fine  roughness,  owing  to 
minute  gninulationdtke  projections  from  ita  stuiace.  They  appear  to 
be  entirelv  cellular  and  arc  devoid  of  blood-vessels. 
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Morbid  Changes  in  the  HisTOLn<;ir'AL  Elements. 


Gaiiglim  Cells, 

896.  Hypertrophy. ^Th ere  is,  sti  ictl y  spcnking,  no  such  comlition, 
but  in  acute  inflammation  the  ganglion  tells,  more  especialiy  the  large 
motor  cells  of  the  anterior  horn  of  gray  matter  in  the  conl,  become 
enlarged,  and  to  this  the  term  is  sometimes  upplied.  Their  protoplasm 
at  the  same  time  asstmies  a  granular  aspert,  their  (lUtline  is  indistinct, 
%nf\  their  angles  are  l»lu!ited.  Meynert  supposerl  that  the  comlition 
rviii*  due  to  (rdema  ;  it  looks  more  like  a  domhf  ^w^Uimj  similar  to  that 
&IJ  often  seen  afl'ecting  the  tuhular  epithelium  in  inflammatory 
atfections  of  the  kidney,  and  in  the  liver-cells  in  many  different  morbid 
states  of  that  organ. 

Shrinking'* — Diminntion  in  size,  shrinkage,  and  nltimate  destrne- 
lion  is  II  process  met  with  in  many  diseases  of  the  brain  and  cord. 
In  ijtjitjitiJc  paraJffsi^  the  ganglion  cells  of  the  anterior  horns,  and  in 
^os&t-ltihial  }Hti<if  those  of  the  ruiclei  of  the  hypoglossal,  imeumogastric, 
etc.,  undergo  shrinkage  itnd  finally  vanish. 

Pigmentation.— Impregnation  of  nerve  cells  with  brown  hsema- 
tfjidin  occurs  in  many  diseases,  esfiecially  where  they  run  a  chronic 
course.  The  first  alteration  noticed  in  the  cells  of  the  nerve  iniclei 
jiiat  mentioned  as  being  implicated  in  glosso-labial  palsy  is  this 
pigmentary  deprjsit  in  their  protoplasm.  It  is  frei|Uently  associated 
with  shrinkat^e. 

Vacuolation.— Whitwell  (No.  521,  xii.  1890,  p.  520)  has  described 
a  condition  of  vacuolation  of  the  nucleus  occurring  mostly  in  those 
demented.  The  large  pyrdmidal  nerve  cells  of  the  fj  on  to-parietal  con- 
trolutions  are  prone  to  suffer  from  it  The  nncknis  of  the  cell  either 
rmwcUs  inNj  a  a  ingle  transparent  giohose  body^  or  several  small  vacuoles 
develop  within  it.  The  degcnenition  often  seems  to  precede  a 
pigmentation  of  the  cell.  The  affected  cells  stain  deficiently  or 
irregularly  with  aniline-blue-black. 

Fatty  Degeneration. — There  is  no  alteration  so  prevalent  in 
diseases  of  the  central  nervous  system  as  fatty  degeneration.  The 
toil  globules  show  themselves  usually  first  at  one  end  of  the  cell,  often 
.  mggregated  in  a  mass.  When  seen  in  an  unclarified  preparation  they 
present  tlie  usual  highly  refractile  appe^irance  of  oil.  When  clarified, 
however,  the  indindual  oil  globules  %'anish,  and  a  5'ellow  transp>arency 
of  the  affected  part  of  the  protoplasm  is  all  that,  remains  to  indicate 
the  lesion. 

Calcification* — Ganglion  cells  and  their  processes  have  occasion- 

Jy  been  found  infiltrated  with  lime  sfilts,  but  the  degeneration  is  not 

eommon  one. 

Proliferation, — Notwithstanding  that  it  has  often  been  assertetl 

[|4i  the  contrary,  there  seems  no  reason  to  believe  that  nerve  cells  ever 

uliferate.      There  is  no  evidence   of    nG\Y  nerve   cells   ever  being 
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generated  by  thit  meatia.  Indeed  there  is  every  re&soti  for  concluding 
thiit  the  nerve  cells  of  foBtal  life  are  thoae  which  pre\ail  throughout 
an  animal's  entire  exiBtence,  Once  destroyed,  they  never  seem  to  be 
replaced.  Appearances  bold  to  be  dcmongtrativo  of  multiplication 
of  ner^e-cell  nuclei  are  deceptive,  and  may  bo  the  result  of  colloid 
alteration  of  their  proloplasuh 

Xerpe  FUnts. 

^  Fatty  Deg^eneration. — When  a  ner\*e  fibre  is  licparated  ivom  itiT 
*'lte)pbic  ncrvi*  cell  it  stitTers  fn»m  futty  «r,  as  it  is  called,  *' Secondary '' 
or  **  W'allerian  '  degeneration  thnmghout.  the  entirf^  course  of  the  distill 
segnient.  When  a  jiart  of  the  brain  beconiea  ischfvmic,  as  fmnt 
emboliani,  the  deHcient  sujiply  of  blood  leadi^  to  a  fatty  degeneration, 
in  which  the  nerve  fibres  are  involved. 

Enlargement  of  Axis-Cylinders. — This  ia  a  moat  remarkable 
form  of  degeneration,  found  as  it  ride  in  inflammatory  foci  l»olh  in  the 
spinal  cord  ami  in  the  brain.  It  h  also  ?ieen  in  the  nerve  fibres  of  the 
retina. 

The  iv&iim  vi*us\ni»  in  an  irregtihir  contraction  of  the  axis-cylindeni» 
whereby  swellings  ap|)ear  in  their  course  which  imjiart  to  them 
a  mofuliform  ap|M!!4irance  (Fig,  4:21),  These  swellings  are  uaually 
oval  in  Hhape  and  homogeneotus  in  conaiatence.  The  individual 
iiiaaaet»  in  innirse  of  lime  seimnite  fnun  each  other,  and  sometimes  a 
taO-Iike  appendage  in  found  adhering  to  one  end*  They  next  appear 
to  split  up  into  a  number  of  smaller  round  or  oval-shaped^  homo- 
geneous, corpuscle- like  bodies.  These  SO' name*!  "colloid  l>odies '*  in 
most  re8|>ect«  reaemblc  the  "amyloid  liodiea'*  found  so  frequently  in 
the  corti  and  brain,  but  fail  to  give  ihcir  reactions.  They  seem  to 
IH^riah  by  und«»rgoing  fatty  degeneration.  (For  further  jwrtictdiirsi  see 
Myelitis  iuid  Cerebritis. ) 

Calcareous  Deg^eneration. — This  has  already  been  referred  to 
as  occunnng  in  nerve  cells  and  their  proceases*  It  may  also  extend 
sometimes  to  the  actual  nerve  fibres  (Virchow  and  Forster). 


IHmtJfs  of  tkn  Conner (irf  Tiim^, 

Sclerom  (wKXtipo^,  hard). 

Definition. — This  term  is  applied  to  a  condition  in  which  there 
is  an  overgrowth  of  the  connective  tissue,  the  neuroglia,  of  the  brain 
or  cord. 

The  neuroglia  contains,  it  will  be  renieml>ere<l,  tnunbers  of  con- 
nective tissue  cells,  Mtist  of  ihem  have  large  nuclei  and  arc 
branchc^l  ;  the  t^irm  "  spider  cell  "  or  *'  Deitera'  cell "  is  appliml  to 
those  which  are  brancheiL  When  the  brain  or  coi*d  becomes  sclerosed 
the  glia  cells  increase  in  number.     Their  nuclei  mtdtiply,  and  this  is 
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fulluwed  by  division  ol  the  cell  lUelf.  The  new  fells  may  be 
bmnched  even  more  thuii  the  originak ;  sometimes,  however,  they 
remain  unbranched.     They  tend  to  develop  into  ti1.>rou8  tiesne. 

There  are  several  varieties  of  sclerosis,  among  which  the  folltnnng 
may  be  noted  : — 

Systeniic  Sclerosis*^In  the  8[>inal  cord  of  locomotor  ataxia, 
for  instance,  the  sclerosis  follows  the  posterior  columns  from  beh»w 
upward*,  and  in  many  instances  is  confined  to  these  columns.  The 
lateral  columns  may  similarly  l)t?  the  exclusive  seat  of  a  sclerosis 
limited  to  the  crossed  pyramidal  tract. 

Diffuse  Sclerosis. — When  a  tnmom*  develops  within  one  of  the 
cerebral  hejnispheres  ^jme  amount  of  enlargement  uaually  takes  place 


■Kit-  ^ 

■    w  4 


•  .«'  •     ^  ; 


i 


9¥K  ilT-^TRAxavRiwK  Siec;TJos  or  Pajit  of  a  ro«TKitioH  CoLrnji  ns  lAxtjjjoioK  Ataxia, 

t!l||UWI»H   TUK  ^LKHOAIIi  OF  TUB   NiSt  RtXltlA  (  X  »M>  niAU8.) 

^«)  Hnmil  liluo»l-vis(»el ;  (fc)  siiiyloid  body ;  (c)  miiiainK  of  a  nerve  liiVw  imnrtUlly  drgi'Uetaled ; 
iJ,  il,  ipi  tbp  •clrro»eiJ  netiniglta  surroutidlng  empty  wene  ttil^ea  ;  Ujo  Hue  jioiiils  ure  glfftllbrrH  eiit 
•ohm;  C«)  ^^  inicfftuilculariuiiery  (P«roimlc seid  mid  PaiTmuUi'  Sol.) 

Within  that  hemisphere.  The  enlargement  is  uniform  and  ditiiise,  and 
IB  strictly  confined  to  the  hemisphere  in  which  the  tumour  i«  situated. 
It  in  caused  by  an  overgro^rth  of  the  neuroglia.  The  "  spider  cells  " 
increase  in  size  and  number  to  a  marvellous  extent,  and  l»y  their  inter- 
lacing  processes  constitute  a  complete  felt- work.  The  overgrowth  of 
the  connective  tissue  does  not  at  first  seem  to  destroy  the  nerve  fibres. 
They  may  jje  seen  coursing  through  the  midst  of  the  network, 

Somctimeii  this  difFuse  overgrowth  of  the  connective  tissue  occurs 
wfthmit  apparent  cause,  the  condition  being  usually  termed  Hyper- 
trophy of  the  Brain.  An  extraordinary  case  of  this  kind  is  recorded 
by  Take  (No*  5,  vii.  1873,  p.  257)  in  the  person  of  a  man.  The 
right  hemisphere  of  the  cerebrum  w^as  much  enlarged,  very    tough, 
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and  >v'eigh«Ml  30 1  ounces  ;  while  the  left,  which  was  of  ruittiml  sJ2o, 
weighed  only  23  j  ounces.  The  8[>ecific  gravity  of  the  two  was  alike. 
The  basal  gnnglin  did  not  appear  to  huve  iMirticipated  in  iht*  en!iirgc- 
ment^  The  gmy  nmtter  was  more  vohiniii»uus  than  usual  on  the 
affected  «ido.  The  ciilvaria  wa«  dihitt^d  in  aci'oriianeo  with  the 
unilateral  enlargement.     Thu  increase  in  size  wji»  not  the  result  of 
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Flo.  Hi,-— HTrasructrBt  ot  CKiiiiviut  \\KM\*rnt^nt  AcrtiaifAivYiim  *  Ttiior*  iv  Turn 

ii:»  ^y    (CX.  A.)  Cnrptit  rullmutii  ftutfhurJjr ;  (C 9^.}  mti'UtA  ntirlt*tiA ;  (1^ V.  A.> lAbrnil  vftDtfldr.  uit«Hor 

v»ati1ol«^  posterior  honi ;  C^.ai*.)  cur|iua  eilloauai  iiuUriurty ;  (TUtn.)  ttnumiT  (cndollidJoiw) 


hypertrophy  of  the  brain  tiaauea  proper,  but  was  caused  by  an  over* 
growth  «»f  the  glia. 

A  ftimihir  overgrowth  of  the  glia  has  been  noticed  by  StriUnpeU 
(Ko.  517,  ix.  1H79,  p.  268)»  where  the  Unnn  was  abnormally  sniaih 

Multiple  or  Insular  Sclerosis. — This  is  a  special  variety  of 
adttosia  atifecting  the  bmin  and  cuni,  and  characterised  by  the  over- 
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aeon,  mostly  in  the  cortex  of  the  lirairi,  which  may  Wur  »  certain 
relationship  to  them.  The  colloid-looking  suhstnnce  in  question  seems 
in  most  cases  to  be  deposited  round  the  blmHl-vcssclfi,  and  sprewls  out- 
wardR  from  these.  It  regembles  the  amyloid  closely  in  it«  general 
Ap|ie4irnnre,  bul  fails  to  give  the  characteristic  reactions.  There  i«  gcxxl 
e%'jdence  for  believing  that  it  is  the  result  of  cenular  degeneration. 

A  peculiiuly  dense  form  of  ncteritsia  i&  met  with  in  the  braiii 
which  8eemii  to  precede  the  Hfipe^tiiince  of  the  colloid.  It  consists 
in  a  tiunoiir-like  haitlening  of  portions  of  it«  substance,  iistially 
of  the  cortex.  The  margin  of  n  convolution  may  thus  feel  flome* 
times  like  a  piece  of  cartilage.  The  author  ha»  seen  it  in  chronic 
epileptics.  The  maseea  arc  ni»t  krge,  ai-e  irregular  in  »ha|>e,  an<l  arc 
multiple.  They  iirfj  often  asatKiated  vrilli  a  similar  c^irtilagc-like 
induration  of  the  mtMlulhi  oblongjitii,  a  condition  more  fully  referred 
Ut  in  Section  1»73.  The  celk  of  the  sclennis  tissue  break  down  subm^ 
cjuently  into  the  c«*lloiil.  HnWhewnikoflT  (No.  13,  cxii,  1888,  p.  552) 
liescribes  a  c;i8e  of  multiple  eollt»id  tumour  of  the  brain  where,  in 
addition  to  the  al>ove  motho«J  of  development,  the  new  tissue  %eemed 
to  arise  from  the  coats  of  the  blooil- vessels. 

A  gootl  exsni];i1«<  of  thin  coUoiil  iHiuditiuii  19  dnacriWd  tiy  Siintui  (No.  517,  ii. 
1S70,  [K  64).  It  octjunvd  in  the  jwrsflii  of  *  woman  of  diMolutiy  life,  hut  without 
direct  Mridonce  of  havin}(  bud  »y|>hilia.  She*  Hved  to  AUty^fotir  ywini  of  nge  tod 
did  not  Hiiffer  from  any  j«yiu|itom8  ttidicativr  of  \Uv  vxtcniiive  k'sioii  of  which  nhe  wan 
tlie  Auhjeet.  Throughout  the  initin?  gray  maritk'  of  Ihi*  c'*»rf*t»ral  heuii^pln'M**  thf»re 
Wf*n*  nuuiitnuiK  hynlitii'  t4ifa>i  ot  11  grt^'Violet  to  11  bright  lilm*  colour.  They  rvtmUiHl 
the*  ap|i«*»*niuc*i  *i(  hy»Un*i  rartiloge,  4nd  had  a  hn'odlh  of  from  2  to  4^  a  df|jth  of 
fmm  1  to  2,  and  a  thiekufaat  of  from  1  *£»  to  3  m.tn.  Th<*y  weri'  coufined  entirely  to 
the  gray  8ub»t4incfc,  mid  npiM'JirtHl  till  t^  coiniiiertc<«  IkHwih^ii  gruy  nud  while  matteri 
tiiid  to  |i(vM  Uinr  ou  hito  the  foniier.  Thir  ccn*1>ellumi  jhuik,  rtii^lulU  oldongstA, 
mid  vptijjU  oord  wtrv  fr«j  from  lUrui,  The  jwitehc*  di*fcr«Hl  in  this  msiHJct  from 
thoae  of  insular  tclcrtmiii.  They  wrrv  nlm  tuorr  hyalirir  and  had  a  riok^t  tint  Th«* 
outer  am  of  the  |>a(ch  waa  rihriUar  and  niutuiui'il  uumernux  bnuirh*nt  glia  etlU* 
Th*^  rwrntfi!  wa«  hyaline,  and  within  it  llm  nrrvo  oelb  sccmpd  to  hi««  thrSr  limndiei, 
and  to  bd  in  proeeaa  of  eon  version  into  the  hyaline.  Thr  btootl  ^  veviieb  w<^rv 
unnlit^rwl  ;  t>n«  walU  of  thi'  i'a|iillarj»«*»  were  not  thii-k«n»Hl,  hut  wuh»  (mrround^l  Ity 
nunn^rons  glk  ndU,  from  whit-h  the  fibrous  nrtwtirk  Mn^miKl  to  spring.  He  dons 
not  say  whether  rcagenti  were  applied  with  the  riew  of  as<7crtaiuing  whether  or  not 
the  hyalinp  «nbs lance  waa  waxy. 


The  wax  dike  infiltnition  h  certainljr  not  often  met  ^^ith  in  the 
fetitral  nervous  syiitem  or  peripheral  nervea*  Thfrc  ij^,  however,  a 
poit-rHtfikm  condition  which  ckmely  resembles  it  it  h&h  ah'eady  been 
doscribod  (Sect.  129).  Many  of  the  so-callod  amyloid  bodies  appear 
idio  to  arise  in  this  way,  although  othen^  such  as  those  of  the  oanl  in 
looomotor  aUxia,  are  truly  vit^d  jiroductions* 
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Diseases  of  the  Blood-Vessels, 

897.  Those  affecting  the  arteries  are  mainly  ailieromatous  and 
obliterative  arteriitiSy  simple  fatty  degeneration,  and  miliary  aneurism  ;  but 
as  each  has  already  been  described  under  Diseases  of  the  Arteiies  (Chap. 
XLIIL),  it  is  unnecessary  to  refer  to  them  further  at  present 

Thrombosis  of  the  cerebral  sinuses  is  not  very  uncommon. 
Those  which  are  the  seat  of  it  are  chiefly  the  great  longitudinal  and 
the  lateral.  It  generally  follows  a  phlebitis  affecting  the  interior 
of  the  sinus  wall,  and,  in  most  cases,  is  septic  in  its  origin.  Throm- 
bosis of  the  lateral  sinus  is  usually  the  result  of  disease  of  the  ear  or 
of  its  mastoid  cells.  When  pyaemia  sets  in  from  ear  disease,  it  appears 
to  be  associated  with  thrombosis  of  this  sinus. 

The  thrombus  either  fits  closely  into  the  interior  of  the  sinus,  or 
it  lies  more  or  less  detached  and  surrounded  by  pus.  The  lateral 
sinus  may  be  completely  occluded  by  a  firm  thrombus  running  from 
end  to  end. 

Di^'ases  of  the  Lymph- Vessels, 

898.  Under  the  designation  "  fitat  crible  "  Parchappe  and  Durand- 
Fardel  described  a  peculiarly  porous  condition  of  the  brain  substance. 
The  affected  part,  sieve-like,  is  permeated  with  minute  apertures.  It 
is  at  first  difficult  to  understand  how  the  condition  is  to  be  accounted 
for,  but  the  explanation  given  by  Arndt  (No.  13,  Ixiii.  1875,  p.  241) 
seems  to  throw  some  light  on  it.  He  makes  out  that  the  apertures  are 
dilatations  of  the  lymph  spaces  intervening  between  the  adventitia  of 
the  blood-vessels  and  the  brain  substance — the  so-called  "  lymph  spaces 
of  His." 

Literature  on  Diseased  Condiiions  of  the  Histological  Elemenis. — Anton  (Dis- 
turbances in  Growth  of  Surface  of  Brain) :  Ztschr.  f.  Heilk.,  vii.  1886,  p.  453. 
Arndt  (6tat  Crible) :  Arch.  f.  path.  Anat.,  Ixiii.  1875,  p.  241  ;  also  (Axis-Cylinders), 
Arch.  f.  path.  Anat.,  Ixxviii.  1879,  p.  319.  Brunet  (Granulations  of  Ependyma) : 
Ann.  med.  psych.,  Par.,  iv.  1886,  p.  54.  Fox  :  Path.  Anat.  of  Nerv.  Centres,  1874. 
Fiirstner  and  Stiihlinger  (Gliosis  and  Formation  of  Cavities) :  Arch.  f.  Psychiat., 
xriL  1886,  p.  1.  Greenlees  (Recent  Researches  on  Gen.  Par.  of  Insane) :  Brain,  xi. 
1888-89,  p.  246.  Holschewnikofif  (Hyaline  Degeneration  of  Brain  Vessels) :  Arch. 
f.  path.  Anat.,  cxii.  1888,  p.  552.  Pick  (Cystic  Degeneration) :  Arch.  f.  Psychiat.. 
xxi.  1889-90,  p.  910.  Popov  (Regeneration  of  Ant.  Comm.) :  Vrach.,  vii.  1886,  p. 
682.  Raymond:  Anat  pathol.  du  syst.  nerv.,  1886.  Roth  (Varicose  Axis- 
Cylindei-s):  Arch.  f.  path.  Anat,  Iv.  1872,  p.  208.  Schultze :  Arch.  f.  jmth. 
Anat,  Ixviii.  1876,  p.  109  ;  Ixxiii.  1878,  p.  443  ;  Ixxix.  1880,  p.  124  ;  Ixxxvii.  1882, 
p.  510.  Sharkey  (Cases  in  which  no  Naked-Eye  Changes  found) :  Lancet,  1885,  i. 
j».  1028.  Simon  (The  Spotted  Glassy  Degeneration  of  Cortex) :  Arch.  f.  Psychiat.. 
li-  1869,  p.  64.  Virchow  (Granulations  in  Wall  of  Ventricle) :  Allg.  Ztschr.  f. 
Psychiat,  iii.  1846,  p.  242  ;  also  (Fattv  Degeneration),  Arch.  f.  path.  Anat,  x. 
1856,  p.  407.  Whitwell  (Nuclear  Vacuolation) :  Brain,  xii.  1889-90,  p.  520. 
Zacher  (Nerve  Fibres  in  Gen.  Par.  of  Insane) :  Arch.  f.  Psychiat.,  xviii.  1887, 
p.  60. 

Porencephalia. 

899.  By  this  is  understood  a  condition  following  upon  absorption 
of  parts  of  the  brain,  and  occurring  during  intra-uterine  life,  in  which 
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II  peculiiirly  iwrotis  or  sponge-like  tibrous  texture  take^  the  place  of 
the  hrnin  substance. 

Acconling  to  Kiintlnit  (Xo.  560),  the  destruction  of  the  bniin 
subtitance  is  not  *>cca»ionecl  by  ha'uuirrhtige  or  enil*<:»lisni,  but  is  <lne  to 
JachglUJA  ftiid  the  mabmtrition  resulting  therefrom.  The  true  nerve 
buifl  gradtially  ili<iapj>ears  by  absorpticin,  while  the  bhxxl-vesi*elb  and 
connective  tiaaue  fnimework  reiiiiiin,  cormtituting  a  porous  network. 
The  blood- vessels  are  in  a  thickenetl  condition.  The  destruction 
usually  commences  deeply  in  the  white  matter  of  the  brain  ;  the 
cortex  may  be  affected  lat-tT  on.  8<imctimes,  however,  the  cortex  is 
pregerveil,  while  a  porcncephulous  cavity  underlies  it. 


-asf. 


}C 


-m^^ 


V 


(DtD^y.)  Direct  iJ recent  1 1 iif(flhn»« ;  (<*,F, K.)  ahr«a  wtcTtiiK  ccir|,iu»  ttallcMuiu  rr  ;  (IXCT*) 

MMA  mAbbI  tract,  (vtciBlffttng  ttf  thriNw  aiimni  wHlcIt  have  crrjAMitl  lu  Uie  t^^v^*  (.-Anociiait  as4 
liril  Ml  dSMnulIng  111  th4«  Inner  oi^niulc ;  (Por.)  |iur«iucf|)bii]iuu>  drstructlcni ;  (CN.)  csmtslv 


ENrKPHAMTlH   (CkK>3KIT!h)   AND   MVKLmii. 

900.  It  han  been  alleged  that  cerehriti*  never  occurs  without 
being  acciinij«ini«Ml  by  meriingiti«.  There  ia  a  good  deal  of  truth  in 
thia  »l4itemcnt.  This  pia  nvater^  being  the  vaacular  membrane,  ia 
aflfected  either  widdy  on  ita  su|>crficie«  or  in  the  |>ortionH  which  dip 
into  the  brain  HulMtance*  It  is  wixjug,  however,  to  ^y  that  mening<^l 
complication  ia  invariable.  Foci  of  inHnmmation  and  iuppuration  nuiy 
be  found  embedded  deeply  in  the  white  matt<T  of  the  bniin  without 
the  piA  mater  being  involved. 
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77uf  Acute  Frnin, 

Characteristic  Appearances.— In  hycrone  times  many  lesions 
unconnected  with  intiamrmdioM  wt^re  iloscribed  ai*  indiwitive  of  h 
cerebntis  or  a  myelitis.  Thus  embolic  softening,  secondary  degenera- 
tion, etc,,  were  previously  in€ludetl  in  the  tategory  of  iriHaniniatory 
diB^Lfies.  There  is  even  yet  much  dubiety  aii  to  the  classilication  of 
the  sclerotic  diseases — whether  they  shouhl  l*e  called  inflammatory 
or  not. 

Some  years  ago  the  author  (No.  9,  xv.  1875^  p,  335)  made  an 
experimental  inquiry  into  the  subject  of  myelitis  with  the  view  of 
ascertAining  what  appearanccB  were  characteristic  of  it  when  artificially 
induced.     They  were  found  to  he  as  follows  : — - 

If  the  spinal  cord  is  artificially  stimulated,  as  by  passing  a  thread 
through  it,  inflammatory  reaction  begins  to  show  itself  within  a  few 


^j 
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l^Lr— AfUTi:  MvKUTm  iJtiiicJU:*  IX  TiiK  l^ri.v*L  UoKii  OK  THK  Cat,  AM'  Mtoviixii  iut:!moLUl:5» 
AJilt'CS^LrsctftKR8«    The  portiou  ortli»ue  reprvsMjtifl  is  taken  fr'>iii  thf  witeriMr  coiiiniisHart', 

(•i>  8<tyiU  bkfOd'Veftsrl ;  (&)  leucocyte ;  (e)  awelliing  «9n  axis  cylinder  cut  acrojta ;  (ut)  unaltcreil 
medallKtel  ii«ni}  ftbrft;  (r)niouilironii  swellings  oa ftxlii-eyliiHli!ni. 


boun.  The  appearance  of  the  i>ial  sheath  is  alike  with  that  of  any 
other  inflamed  vascular  mernhnme, 

Xhe  vessels  become  engorged,  and  from  them  there  exude 
numberless  leucocytes,  while  extravasations  of  blood,  the  result  of  the 
tsDgorgement,  are  noticed  here  -Am]  there.  These  phenomena  are  best 
seen  on  the  surface  of  the  cord,  but  also  pie  vail  in  the  septa  of  pia 
mater  which  extend  inwards. 

Tlie  mo6t  remarkable  and  characteristic  appearances,  however,  are 
to  ^H3  found  in  the  nerve  tubes,  and  more  particularly  in  the  axis- 
cry  Undersu 
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The  axis^cyiinders,  according  t-o  8chief!cnleckcr  (So,  M,  xx%, 
1887,  \%  458),  art?  ina<ie  up  of  a  deliaite  sheath  rxtcrrially,  which  is 
easily  niptunxL  Within  this  are  cantaintMl  fluid  at  Bemi-tluid 
alhuminaiii*  contents.  It  it  c^uestifjiiHhk*  whether  th«  axis-cy Under 
is  fibruuSf  although  it  has  been  aniscrtod  Ky  Anult  and  othen^  to  be 
so.  Tlie  ahcratioriis  it  suffers  in  itiflaniniiition  t»com  to  8up|M»rt  the 
view  of  it*i  Win^  homogeneous.  A  compaction  takers  phite  in  it* 
length  whereby  it  l>ecoiTies  broken  up  into  fragment**  (Fig.  A'2iy  Thi* 
fmgments  are  converted  into  sphericid  or  o\'al- shaped  homogeneous 
mftwww  (c),  and  several  of  the^e  may,  at  first,  Ixi  uniteii  in  a  moniUfortn 
hsUon  (e),  A  eomp1<ste  scpiinilitui,  however,  follows,  so  llmt  the 
apace  in  the  gha  which  formerly  containcii  tlie  mtHlullary  ^i^heath  atiil 
axis-cylinder  now  hoUln  a  niimWr  of  thejie  homogene<>n»  colloid  ImxIiosw 
The  sjiaco,  as  a  con^eijueiice,  in  dilated  and  the  medulfii  vHni»hes. 
Sometimes  the  colloid  ImxIv  jwwieHgeh  a  tail -like  appendage  at  one 
end,  so  that  it  might  pos}*ibly  be  niistaketi  for  an  altered  nerve  eelL 
The  alteratifin  in  tin*  axisMylindert*  mjikes  its  ujipcjinince  within  a  few 
bmirs  after  I  tic  inthimniatidn  lias  commenced,  and  is  very  evident  at 
the  end  of  two  to  three  daya  It  is  most  evident  round  the  seat  of 
injury. 

A  further  transformation  now  endues.  Vacuoles  appear  in  tho 
contracted  axis-cylinders,  and  liodies  like  nuclei  are  often  fierceptible 
in  their  midst  Arndt  (No.  13,  Ixiv.  1875.  p.  372),  taking  the  view 
that  the  axis-cylinders  are  tilirillar,  states  that  within  the  swellings  the 
fibnlhe  diHapjx^ar.  Where  they  go  to  he  cannot  say.  Ho  refers  to  the 
nuclear  IxkIics  above  mentioned.  Virchow  had  previouisly  seen  and 
descril)Oi1  the^e  nuclear  IxMiiejn,  Sometimes  they  arc  homogeneous 
like  myeline  drops  at  other  times  they  possess  a  nueleolu.s  like  object  in 
the  centre.     It  is  *|utti*  possible  that  they  arc  simply  mfnlilied  vacuoles. 

The  large  homogeneous  colloid  masses  in  course  of  time  8]>lit  up  into 
multiple  smaller  maMi^eH  of  the  saime  consistence.  As  many  as  twenty 
or  thirty  of  these  may  be  met  with  lying  in  a  single  s|>ai'e  in  the  glia 
matrix.  They  arc  usually  about  twice  the  size  of  a  blood  leucocyte'. 
They  have  been  named  "colloid  liodies."  They  are  morphologiadly 
identical  with  amyloid  hodie*,  excc[»t  that  they  are  not  so  oft4in  con- 
centrically Btriatcfl,  In  some  instances,  however,  even  such  striation 
may  1h»  noticed.  They  differ  from  them,  however,  toto  citht  in  the 
fact  that  the  colour  testa,  which  are  w*  reitdily  elicited  in  the  case  of 
true  amyloid  bodies,  fail  in  their  ca^e. 

For  long  they  may  remain  as  "colloid  bodies."  In  eourso  of 
time,  however,  and  more  particularly  if  the  in  flam  mat  ion  has  gone  on 
to  suppumtion,  they  a{Tpcar  to  fall  into  a  state  of  hitty  r lege ne ration, 
and  when  in  this  condition  ckisely  resemble  pUA  cor|iuscb!s  which  have 
met  a  similar  fall*. 

'MnVf  (Ko.  51^  ii.  2, 1S66,  fw  143)  aitpesni  to  liars  Wn  tb«  flmt  to  tiotlet 
tbtis  TBiieciM  sxi»'CjUiit!eriw  n«  found  tli^m  in  thi?  retlns.  Hb  ohMr^ationtt  wvf 
CMHtnned  hy  Muller  iNo.  fil8,  ir.  2.  \shK  y.  «2).     Vitrhow  (Ko.  13,  xliv.  \M%^ 
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pi*  475)  fouDfl  them  in  arcaa  oF  lirairi  subatance  softening  from  eULV[»liaUtis,  Roth 
(No,  13,  Iv.  1S72,  p.  207)  was  of  opinion  that  in  the  retina  they  were  imlicntiv^e  of 
inHammation,  and  Berlin  (No.  filB,  xiii.  1867,  p.  294  ;  also.  Ibid.,  xiv.  1868,  2,  p. 
*2iS\)  showed  that  they  conhl  be  calletl  forth  in  the  retina  by  ftrtilicially  stiiniilatirj»i 
it.  Thpy  appear  in  from  ont*  to  flixt€L*n  days  ufter  th«  stiniuliiy  hm  Iseen  ajjplied. 
Grohe  and  Roth  are  said  to  have  produeed  tbem  artificiaJly  by  injuring  the  bmiii  of 
tlif  rabbit.  The  author's  own  experiment-i  (No.  9,  xv.  lS7r^  p,  335)  w€r«  tlie  first 
to  demonstTate  their  prestmce  in  the  artifieially  inflamed  spinnl  cor«l.  Leytleii  (No, 
&35,  il  p.  120)  reganls  them  as  indicative  of  an  inf!nniniatory  affection. 

In  Man  huge  collections  of  such  *' colloid  bodies  "  (ierivcd  from  the 
Ki&^ylinflcrs  may  be  foutul  in  the  midst  of  inHanmiatory  foci  of  the 
Ijr-ain  and  cord  (Fig.  422).  Their  origin  from  the  axis  cylinders  cm\ 
Iwst  be  studieil  at  the  niarpii  of  the  intlamniatory  area,  where  they 
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T%ii.  43S.— Srmox  or  CnrnTA   Vkvih   l*mivvcvu   nnoii    Man  afiected  with  IsTTLAMsiATfos. 

»MaWI«<l  ma  Cril-LtllD^LOOKlKO  swot  Try    ATia'CyMKltrRS    Cl'T    ACnOtfll    AND    OCCCPllK0{TltK 

MteiirLiAaT  SrArw  (xSOil  DuM-  uiid  ClaririeilX 


can  be  seen  lying  in  rows  corresponding  to  the  original  axis-cylindera. 
Within  the  fociL^  of  inHammation  itself  they  are  aniasse<i  many  of 
them  being  still  [nmform  and  having  a  t^iil-like  appendage  at  the 
narrovr  end— the  remains  of  the  axii^-cyli rider  from  which  they  took 
_th«U'  origin.  In  circunjscribed  syphilitic  inlhunmatious  of  the  briiiii 
^ey  are  sometinjes  jirescnt  in  gre^it  r|itaRlity*  Tlicy  have  been  noted 
bv  Schiilze^  Strumpell,  Kiissner,  and  Brosin  in  the  human  cord  aftectcd 
with  myelitic. 

The  aeiirog^lia   usually  t^hows   evidence   of   proliferation,   more 
particnlarly  if  the  area  stimulated  lemains  ase[*tic  and  does  not  sup- 
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purate.  Its  spider  cells  become  pjlyimcleated,  oiilArge^  »nd  divide^ 
and  thi!  new  cells  thiu?  formed  often  show  characteristic  kuryokinetic 
ap|>canince9  (FritMlmann). 

The  altenitioris  suffered  by  the  nerve  CcUs  itro  of  a  purely  retro- 
gnide  charucrter ;  cloudy  swelling  of  their  sulisiuiue,  with  t!cnitr.iction 
juid  division  of  their  processes,  is  often  met  with.  They  never  seem 
to  respond  to  the  stimulus  by  muhiplying-  Popoff  (No,  13,  Ixiii. 
1H75,  p.  421)  alleged  that  wanderirtg  cells  find  their  way  into  nerve 
cells  in  the  encophiditis  following  typhoid.  He  staid  that  he  found  the 
Bftme  phenom**nnn  in  myelitis  induced  experimentally.  Ho  also  alleged 
that  the  ^irotoplasm  of  nerve  cells  is  capable  of  absorbing  |iartic)es  of 
cinnatiar  and  other  foreign  particulate  sulifitancea. 

The  Chrmk  Fomh 

Whether  the  so-called  scleroses  are  to  he  traced  to  infla?nraatory 
causes  or  not  is  a  much-debated  qut^stion.  If  they  are  so  it  is  some- 
what curious  that  in  mtuiy  instances  they  follow  definite  tracts  in  the 
eon!  and  in  the  centml  ijju  t«  alnive. 

When  a  tunioiir  is  located  in  a  hemisphere  of  the  cerebrum^  the 
whole  of  the  hemisphere  often  undergoes  eidargement  from  an  over* 
growth  of  the  neuroglia  (p.  577).  Is  this  to  be  regarded  as  a  chronic 
intlammation  I     It  is  ditlictdt  at  present  to  answer  the  question. 

In  epileptics  an  idmimt  cartilaginous  hardness  of  the  medidla 
oblongata  is  sometimes  met  m  ith.  It  is  caused  by  an  overgrowth  of 
tibrtHts  tissue  running  chiefly  along  the  blood-veasels.  Whether  this 
is  to  be  eiinsidereil  a*  inHammatory  in  its  origin  is  also  questionable. 


Wbsc:ess  of  Tim  Brain. 

90 L  Abscess  of  the  brain  from  ear  disease  has  alrea<ly  lieen  referred 
to  {HecL  892)»  It  »^>metim6e  lies  deeply,  a  layer  of  healthy  brain  sub- 
stance? intervening  i>etween  it  and  the  1x»ne,  and  may  be  m  large  that 
it  occupies  the  entire  tenHK>n>sphenoidal  lobe  or  a  hemisphere  of  the 
cerebellum.  When  the  abscess  has  reached  such  dimensions  the  sac 
has  become  single.  It  contains  green  or  gray  coloured  pus,  and  ita 
wall  is  more  or  less  sloughy. 

It  may  happen  that  the  abscesses  are  multiple,  and  when  so  they 
are  genei-ally  caused  by  a  pya»mic  state  of  Ixxly. 

A  Itlow  m  th^  hfOil,  without  fracture  of  bone,  may  cause  aji  absceaa 
to  form  in  the  bmin  subsUince  ;  at  least  the  author  has  seen  a  oiae 
wbere  the  abscess  could  not  otherwise  be  accomited  for. 


In  hfphoid,  diphtheria,  and  othef 
tion  may  show  thcmMclves,  which  ( 
stated  that  nmliii>le  minute  .il 
sotne  cases  of  chfrra. 


.-.Mu^^  multiple  foci  of  inflamma* 

«  sujipiu'ation.     It  has  been 

ol  the  brain  cortex  account  for 
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Liieraiure  on  MydUU  and  Enceifhalitis.^-BsLiihBm  (Alyt^litiu  with  Calculus  in 
Uwter):  Lancet,  1886»  L  p.  737.  Buss  (Aruto  Ihhst'niiu,  Myi3liti8  Biilbl) :  Dent, 
Aroh.  fl  klin.  M«rL,  xli.  1887,  p.  24 L.  Fnedmann  (Iiitlannimtioii  of  Nerves  arul 
GMriioti  Cells):  Arch,  f,  Psychiat.,  xix,  1887,  p.  244;  n/w  (Enccph.),  Aruh.  f. 
PtyciiiaL,  xxL  1889-90,  p.  461  et  s€/{.  Hamilton;  Quartiffly  Jomti.  Mic.  8tt.,  xv, 
1875,  p.  335.      Hayem  (E      ^    ^      ^     ^      ^       >      ■  '  -      ■      ■  — 

401.      Herter  (Ex|>enmeiit 

DipTitheriticai :  Arch.  f.  path.  Anat.,  Ixv,  1875,  tJ.  4iy.     Leydcn  (Climiiic  Myelitis 


-90,  p.  461  ti  s€/i,  Hanulton;  Quartiffly  Jomti.  Mic.  Sc,  xv, 
jTcm  (Eticeph.):  An::h,  da  pbysiol,  norm,  et  patli.,  i,  1868,  p. 
►erimenUl  Myelitis):  Me.L  News,  Phila.,  liv,  188&,  jn.  221. 
> :  Hawlb.  d.  di>et^  Path.,  xi.  187li,  p.  329.    Letzerich  (Enceph. 
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of  Nerve  Fibres):  Arch.  f.  iwith.  Anat.  tv.  1872,  pp.  197,  517  ;  IviiL  1873,  p.  255, 
StTtimpcll  (Enceph.):  Dent.  Arch.  f.  klin.  MwL,  xlvii.  18yO-91,  p.  53.  Virchow 
Encepti.^:  Arch.  f.  path.  Anat.,  srliv.  1868,  p,  472;  Ibid.,  xx.\viii.  18*57,  p.  120. 

Syphilitic  AiTEfrnoNs. 

902*  Many  of  the  inflammatory  afl'ection.5  of  the  centi-al  nervous 
system  are  of  .\vphilitic  origin.  According  to  Virchow  and  others^  the 
conimonn^t  form  which  syphilitic  inflammation  t^ikas  is  that  of  a  basilar 
meningitis.  Oppenheim  (No.  537,  p.  2)  describes  the  disease  under 
such  circumstancea  as  being  concentrated  in  the  A^iciiiity  of  the  optic 
chiasma.  The  suliarachnoid  space  in  this  lorality  hjoks  as  if  hi  led 
with  a  coagulat^il  fluid  such  as  pjiraflin  or  celloidin.  This  penetratea 
into  all  the  neighb firing  fissures,  and  the  origins  of  the  cranial  neryea 
And  the  optics  and  motores  «>culi  are  more  ©speciiilly  eml>edded  in  it. 
The  nerves  themselves  may  be  altered  and  swollen,  and  on  section 
preient  a  glassy  lustre,  or  are  graj^  to  a  bacon-yellow  in  colour.  There 
are,  nevertheless,  cases  where  the  nerves  are  quite  healthy.  The  optic 
tiiurt,  the  ocidomot'Ors,  and  the  fifth  nerve  may  be  involved  in  a  tumour- 
like  mass  of  new  tissue.  The  remainder  of  the  brain  may  be  intact, 
ar  may  show  hoemorrhages  and  softening,  most  often  located  in  the  basal 
ganglia ;  while  in  some  parts  gummata  may  be  found. 

The  gummata  vary  in  size  ;  they  often  lie  neai^  the  surface,  in  which 
c««6  the  dura  is  usually  adherent  to  them.  Huge  cheesy  masses 
sometimes  occupy  the  cerebellum.  They  may  be  traceable  to  syphilis^ 
hut  in  most  instances  will  hie  found  to  be  tubercuhu^.  As  already 
descrilied  under  diseases  of  the  dura  mater,  gummata  are  located 
occasionally  in  this  membrane. 

The  arteries  ai-e  very  frequently  involved,  the  most  characteristic 
form  of  disease  from  which  they  suffer  beirjg  artmitis  MUerans  (see 
vol  i.  p,  664). 

Sometimes,  however,  this  atfection  of  the  \Tssels  gives  rise  to  local 
foci  of  irjflaniniatory  softening.  The  softened  put  nniy  have  a  reddish- 
browii  colour,  hence  the  term  red  softening  formerly  applied  to  the 
rion.     The  crus  cerebri  and  ponn  may  exhibit  such  a  focus. 

Syphilis  and  Tract  Lesions. — It  can  hardly  be  denied,  in  face 
the  e\idence  favouring  the  view,  that  a  good  many  of  the  tract  or 
iysteiu  lesions  of  the  spinal  cord  owe  their  origin  to  syphilis.     Thus  a 


r^^  NEHVOUS  SYSTgM 


PART  IV 


IftTj^  propfirtion  of  those  who  are  the  siihjccU  of  locomotor  ataxia 
h&xe  ft  syphilitic  history  (sc5r  Lm-mm^or  Ataxiai  Thcro  aro  other  forms 
of  tmct  sclerosis  which,  a»  inilioitoil  Ixith  hy  the  hist<>rv  and  by  the 
rutttirc  of  the  h*iiion,  ari?  trnceiibte  to  no  other  wmsc.  Such,  for  instAncf, 
is  a  cast)  roconknl  liy  Uuiiipf  (No.  517»  x\i.  IM<*^5,  p.  Ilu),  where  a 
man  eleven  nioiith>^  ^itar  ucf|iiiring  syphilis  lH?gjui  to  surtVr  from 
hemiplegia  ami  other  symptoms  ixjinting  to  iuipJieaition  of  Uie  cord. 
Alter  death  it  was  found  that  he  was  the  subject  of  degeneration  of 
both  crossed  pyramidal  triu*ta  and  of  the  tracts  of  Ooll,  aecompaniod 
by  a  ^vjibilitir  lomiition  of  the  «pinal  bhxMl  vessels. 

Period  of  Advent — The  time?  at  which  the  cerebral  lesion  show* 
iUelf  after  the  primary  atlection  hi\^  l*een  variously  c^HtimatiKl*  Oowers 
(No.  (5,  18811,  i.  p,  235)  gives  the  following,  dmwn  np  from  fifty  casoi* 
which  came  under  his  i»wn  i»b.Hervation,  exclui?tve  of  thos^e  above  fortv- 
five  joars  of  age : — 

1  to    2  yrarii  .  t*  i^a.sn  s 

a„  6    .  : 

e  „  10    .  J* 

M  „  15     ..  11 

1«  M  20    ,,  *    .. 

There  was  an  interral  of  nineteen  years  in  a  man  who  had  s}*7>hilis 
at  eighteen.  The  nhort'est  interval  wa«  three  months  ;  in  another  case 
the  attack  occurrc«l  six  months  after  infection  In  others  the  tim*- 
eould  not  be  definitely  dct4?rmine«K 

Vital  Phenomena,  — fiy  far  the  comnionisr  rnanifestati*»n  i*. 
hemipUgifi^  a  f;nt  jHiinting  in  disease  of  the  mictdk  cerebral  arter}', 
Ix>Cfil  immlysis  of  the  cranial  nerve?,  thrise  cunrrrned  with  the  mtive- 
m«»nts  of  the  e^^eUdls  and  vipj>er  eyelidi^  in  ]wirtindar»  is  highly 
significant,  when  supfmrted  by  eoUateral  facta,  of  a  localiseiJ  syphilitic 
leitQiL  Where  a  focus  of  ey|>hilitic  softening  is  located  opposite;  the 
origin  of  the  fifth  nerve,  excessive  neuralgia  on  the  eame  side  of  the 
boiid  nmy  eoDStttnte  the  most  prominent  indication  of  the  disease. 

ItUmUurt  «wi  SyDhilUk  Aff^Hi*m9  of  Xeriyni^  ,S;f*fj'm.  --Althaus  (of  Membs.  of 
Brain):  Aroh.  C  ISychist,^  xvi.  1885,  p.  541.  Baumg-arten :  AMi,  f.  fMitlu 
Anat,,  UmtL  l»ll,  p.  179.  Bramwell  (Tntracrfniial  Syphilbi):  8tmii»  in  din. 
m^.,  Edin.,  I  ISssi'SK),  p.  2.  Cliarcot  and  Gombault :  Ai\:h.  <L  pKyftioL  iiorrri.  vi 
mth.,  V.  isr3,  |ip.  IVA,  804.  Corntl :  I<4v<'r>)<  ""'^^  l^^  »y]»hUb,  1579.  Daly 
(Arttneit) :  Hmin,  viii.  lHHr>^«fl,  ]►,  iV.**j.  Dowse  ;  Syuliili^  or  llrain  «iid  Sp.  (Joitl. 
ISTt.  Erb  (8)j>h. 'Sjiiniil  P.tr»l.r»iijii :  Nvuml.ijr,  CVijtrnlhK,  xi.  1892,  p,  Kit 
Pounder:  Vuion  iiihL,  N.>«.  «2,  «fi,  «f*,  76.  79.  Hj,  and  «7  tor  I8S4.  Gajkiewkx : 
8yphili«^  till  syAtiTiK^  ij<*rvisi)t,  ]H92.  Gcrhardt :  Iterl.  klin*  WochDwhr.,  xxiii  18Sfl, 
L  Cowers  iliulstrmiftn  Li^ctiirt-ji  on  Sypliilis  and  NenoiiJi  Sysleni ) :  HriL  M«l. 
imrn.,  18»9,  i/ p,  f>7.  Greenfield  (Artrrie*):  Tnma.  pAtk  Sw.  Lond,.  %%\'\n> 
1S741-77,  JH  U<9.  Heubner  :  Dir  lur^ttiK-be  Ki-krankun^  d.  Hirrmrti->rifn,  1874  ;  nlsn^ 
-     •  "  ••  '         .*  iji.  xii,  1S77,  p. '293.     HytchllMOn  :  M<^i  Pi-i^aj  and  Circ,» 

Oppeaheim :  Znr  Kfrmtnind.  sypli.  Erkmtik.  d.  ccntimL 
Rumpf:  Dif  Hy[jK  Krkmn^-r-^-i   T,  Xrnvn!*ys*teniJi,  1*87; 
lint.,  xvi.  iHftr.,  p.  -ilo.     Schm.i  iry  Syidi.  Arlmilis  ia 

flit   '  :^b.  d.  (tesu'lliwh,  f.  MoqihoL  u.   I     ^  ;i»  Muiiohi'ii,  iv.  lSli8»  j*. 

liri,  Siemerhnfl^  fConKeniul  .^vjibilUi :  XrvU.  L  iXvchiAt,  xx.  IbHi^,  p.  102. 
Virchow  :  V^K  X  Ni^tiir  d.  (x»iiAt!tiaioiielbfi>]>bilitbcheii  Air«ctioti«ti»  1S59* 
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CHAPTEK   LXXVIII 
THE  NERVOUS  SYSTE^^l— (Continued) 

Circulation  within  thk  Brain  and  Spinal  Cord. 

903.  As  we  are  now  about  to  consider  a  set  of  lesions  in  whose 
pathology  the  blood-vessels  play  an  essential  part,  a  few  general 
remarks  on  the  circulation  within  the  brain  and  spinal  cord  may  not 
be  inapplicable. 

The  Emephalic  Blood-Sicppli/. 

The  arteries  Avithin  the  brain  are  of  two  kinds:  (1)  those  which 
anastomose,  and  (2)  those  which  are  terminal  As  shown  by  Heubner 
(No.  327),  there  is  a  free  communication  between  the  various  arteries 
coursing  over  the  surface  of  the  organ  within  the  jna  mater.  Hence 
these  are  far  from  being  terminal.  When  coloured  injection  is  driven 
into  any  of  the  main  stems  coming  off  from  the  circle  of  Willis,  it 
soon  runs  into  the  secondary  branches  emulging  from  them.  The 
secondary  branches  divide  into  a  close  network  within  the  pia,  which 
is  in  communication  with  all  other  branches  on  the  surface  of  the 
hemisphere,  so  that,  from  any  one  tributary,  the  entire  arterial 
system  on  the  surface  can  be  readily  filled.  The  injection  passes  at 
first  rapidly  through  the  main  stems,  and  it  is  only  when  these  have 
become  distended  that  the  network  in  the  pia  begins  to  fill.  From 
the  pial  network  fine  branches  run  into  the  brain  substance.  Most 
of  them  split  up  in  the  gray  matter,  but  a  few  of  them  are  longer 
and  penetrate  into  the  white.  The  gray  matter  is  thus  much  more 
vascular  than  the  white. 

The  pial  network  may  accordingly  be  regarded  as  a  safety 
reservoir.  Exacerbations  of  pressure  drive  the  blood  rapidly  through 
the  main  stems,  but  the  ill  effects  on  the  brain  of  this  sudden  afflux 
are  warded  off  by  the  increased  blood  being  accommodated  in  the 
pial  network. 

The  cortical  supply  of  arteries  is  therefore  freely  anastomotic     It 
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ia  quito  otlierwiBe  with  the  branches  which  pei-foiatt;  iho  baae  of  the 
brainy  and  which,  imssing  upwards  through  the  perforated  spaoeSi 
supply  the  hmtA  ganglm  and  intervening  cii|>sules.  These  appear  to 
he  perfectly  tcrminiil,  and  hence,  when  occhided,  the  jiarts  supplied  by 
them  die.  They  come  oflT,  it  uill  he  reniombered,  from  the  vc*^*els 
entering  int^j  the  furiniitiun  of  the  circle  of  Willis,  and  are  the  fiillow- 
ing:— 

L  The  a  ntcro- median  branches  leaving  the  an  tenor  cerebnd  close 
to  the  anterior  communicating  artery  and  supplying  the  head  of  the 
caudate  nucleus  alone. 

2.  The  antiTo-hiteral  Irrum'heH  springing  from  the  middle  cerebral 
close  by  itt*  origin  ami  supplying  the  great  part  of  the  caudate 
nucleus,  the  entire  lenticular  nucleus,  a  jjortion  of  the  tlinlamns,  and 
the  whole  of  the  ituier  capsule.  The  importanco  of  these  bnmchea  i.i 
accordingly  ver}'  great. 

3.  The  fKi«teri>median  bnincheii  given  off  at  the  bifurcation  of  the 
basilar  and  irrigating  the  inn<^r  as|M»rt  of  the  optic  thalamun. 

4.  The  [Hkstero-latend  brancht*H  talking  origin  fr<»in  the  |>oflterior 
cerobraU  ami  tlislributed  thnrngbouL  the  chonnd  plexus,  the  external 
and  piwterior  regions  of  the  thalamus,  nwuly  the  vvhrjle  of  the  wall  of 
the  lateral  ventricle,  the  corpora  quadrigemitia,  and  the  8U|)orior 
portions  of  the  crura  cerebri. 

Acconling  to  Duret  (No.  4,  i.  1874,  p.  60)  there  is  a  compltitc 
armtomieal  t4e]ianition  between  the  branches  given  off  from  the  rirrle 
of  Willit*  to  the  two  Bides  of  the  biiiin.  Not  only  so,  but  even 
although  the  communication  is  free  in  the  circle,  the  lilomi-ftupply  of 
the  two  hemispheres  is  in  a  manner  unconnected.  Thus  SchiUten 
(No.  DC,  xxxii.  1885p  p.  463)  by  an  ingetiions  device  made  out  that 
when  one  carotid  is  timl,  the  preasure  within  the  ophthalmic  artery  of 
the  same  side  s^uik  20-HU  to  40  muL  Ifg.,  while  that  on  tlie  opfKMtite 
side  remiLincd  unidtenHl,  This  is  one  of  the  great  cau^e-*  t»f  deat.h 
iifler  bgattae  of  the  carotid. 

In  Humming  up  t)i«  nabitaiicd  of  sa  «lAbortto  pap«r  upon  the  cirr^uUtion  witjim 
the  cnmium,  I^twy  (No.  13,  cixii*  1S90,  p.  146)  drnw»  the  fol lowing  corollaH««  :^ 

t.  The  n*guUtioa  of  tli«  vupplj  of  \>\*^A  t<i  t1i«9  Itniiri  ruliowft  the  mime  kws  a* 
in  other  p*rt«  of  tlie  1>ihIt— UjaI  U  to  9my,  widf^tug  of  llui  «i tirit'S  U[)  to  a  rertda 
limil  cauiiM  iticMMuw,  u»rrdwing  of  thctn  decreaiw  of  the  blooii  strtfAUi  |i«w»iiig  through 
thsm, 

%  Vftnoos  tQfgoiOtiios  oodsalaits  srtsrisi  attirniis,  sad  scut«  pr«fisur«  of  the  hma 
froBi  any  akM»n  lirliigi  aboat  a  liks  t«tolL 

8.  Widening  of  the  srt«riei  beyond  a  eertaui  ItniU,  an,  for  instance,  through 
inflsinmstory  etimutattoti,  briaga  al>out  arterial  aairmta — Chat  is  to  lay,  leaa  blood 
paflHS  through  ihnti. 

Hit  Bhod^uppltf  of  the  i^inal  Card, 

904.  It  will  be  rememWred  that  the  chief  source  of  the  arterial 
supply  to  the  cor<I  is  frum  the  spinal  branchej^  of  the  vertebral  in  its 
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aaoent>  and  from  the  anterior  and  posterior  spinal  arteries  given  ofl' 
from  it  on  a  level  with  the  medulla  oblongata.  The  two  anterior 
spinaU  unite  to  form  the  anterior  median  artery,  running  the  entire 
length  of  the  cord,  and  anastomosing  with  the  spinal  bninches  of  the 
vertebral  above  referred  to,  as  well  as  with  branches  of  the  inferior 
thyroid,  intercostal,  and  lumbar  arteries.  The  plexus  thus  formed 
ramifies  in  the  spinal  pia  mater,  from  which  subsidiary  branches  are 
given  off  to  the  cord. 

The  veins  unite  in  a  rich  plexus  constituted  by  the  veins  of  the 
bodies  of  the  vert^brse,  the  anterior  longitudinal  spinal,  and  the 
posterior  longitudinal  spinal  They  anastomose  freely,  and  those 
emerging  at  first  hand  from  the  cord  ramify  in  the  pia  mater  siile  by 
side  with  the  arteries,  Thiongh  their  abundant  anastomosis  they 
ultimately  pour  their  blood,  above,  into  the  vertebral  and  infenor 
cerebellar  trunks,  and  perhaps  also  into  the  inferior  petrosal  sinus, 
and,  below,  into  the  luml>ar,  the  intercostal,  and  the  vertebral  veins  by 
communications  formed  through  the  intervertebral  fommina. 


The  ultimatd  dbtribation  of  the  arteries  and  veins  to  the  cord  in  Man,  according 
%o  Aiiamltiewicz  (No.  12,  Ixxxi?.  H.  L,  Ah.  111.  18S1,  p.  4t>9)  is  ns  uiitlerstated  :— 

From  tlie  anterior  ui«dfan  artery  of  the  con!  ar«  ^iven  otT  great  numhers  of 
brmnclii'S  which  pajis  into  tlie  aijUrior  median  ealcus.  He  culls  these  artcrix  ndcL 
They  split  iij»on  the  anterior  eoiuruissure,  a  branch  being  su|iplieij  to  each  anterior 
^omu.  These  two  branches  lie  in  wi<ie  sjwieos  hollowed  out  in  the  anterior 
490i]]tui!»ur&.     They  wre  known  as  the  art.  sfuko-comifiisifuraicH. 

In  the  lower  dorsal  and  ap|>er  Iwralmr  regiona,  and  more  j»ai  ticularly  opposite 
darke'a  veaicnlnr  coliimos,  bran chcs  separate  from  tlie  above,  which  are  distributed 
to  Clarke's  columns  {art,  columnaritm  CA/rAi), 

Short  branches  alao  arise  from  the  same  dtema  elosf  by  th*.'  commissure^  wlucli 
mn  upwards  and  downwards  in  the  anterior  horns  of  gray  matter.  Au  anastotnoslB 
ti.ke»  ploc^  between  the  branches  of  both  sitb^s  tlirongh  tlie  commLssure. 

Aftcnr  the  &epamtiori  of  t\w  above-named  brancheii,  the  art.  fiuleo-eomniissuralea 
•plit  into  their  terminal  snlxli visions  in  the  grny  matter.  Two  or  three  of  such  ai^ 
lo  be  sveN,  one  going  to  the  anterior,  another  to  the  ]>u»tenor  horn  ;  whiUt^  if  there 
be  a  third  bruneh,  it  ta  usually  distributed  to  t!ie  part  of  the  gray  matter  inter- 
mediate between  the  two*  An  abundant  plexus  of  eupillaries  is  furniHhed  from  these 
Tariuu«  sources.  It  is  poorest  in  the  neighbourhood  of  the  coumiiisiuri",  and  i* 
entirely  wanting  round  the  c«iitral  eimal. 

The  main  venous  Ht^ms  belonging  to  the  above  system  are  alnmst  iilentieal  Jii 
diatrihutiou,  and  for  these  Adumkiewicz  adopts  very  much  the  .name  uoTnenclature. 

The  above  ia,  however,  only  one  system  of  blood  irrigation.  The  remainder  is 
couatitnted  by  the  plexus  of  arteries  aud  vein^i  running  In  from  and  to  the  pia  mater, 
the  ao<€aUed  vasocorona.     The  vessels  of  this  system  are  :  — 

(1)  The  m^ifjinal  brandies  which  simply  dip  in  for  a  short  distance  ;  and  (2) 
tki  VfMKU  o/  lh4  u'hiU  i(ib»fan<r.  The  latter  [imR  iij  radially  for  a  greater  distance, 
but  not  •«  far  as  the  gray  matter.  They  supply  branched  which  run  upwards  and 
dowunrariU  in  a  longitudinal  direction  between  the  bundlcii  of  fibres.  One  of  these, 
t!ti9mfieruiJL3$ura^  enters  the  posterior  fissure  distributing  branches  on  either  ^iide. 
Iti  bimaehcs  an  mostly  given  off  before  the  iH}sterior  comioistmre  is  reached, 
•hliOBgti  a  few  ar«  distributed  to  it.     Thi^  vessel  is  richer  in  offshoots  than  any 
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Other  bniDcli  of  the  vnaocorons.  The  arteriie  fltaiipn  fliinlly  peoetiftU  the  potteriof 
gny  bonu,  nod  splitting  into  nutucrous  eAiiillArieit.  uoumh  the  grmy  nuittcr,  more 
v^Miieciiilly  that  tii  Ow  nt'ighUourhood  cir  Clarke's  coluttiiis. 

Important  braitcht-d  of  thiiif  tit»coiid  nysUnu  are  alita  the  nrt^  interfunicuUirfM 
piercing  between  Goira  iind  DurtlAi^ha  cotumnn  and  8Up[>lyiag  ihora  with  odthootn, 
T\\vy  are  nioHt  cviileut  in  the  cervical  swelling.  From  the  middle  of  the  dorsal 
region  downwurd^  their  pla/^e  in  taken  by  the  oniinary  naaaels  of  the  corona. 

(3)  The  renLaiuing  hntncheiior  the  coronal  aerteeare  those  which,  paaaing  radially 
throtigh  the  white,  arv  di^ttribiited  to  the  border  of  the  gray  matter.  They  irri(piti 
the  bofd«r  sone  of  the  gray  matter. 


905.  Definition. — By  thb  b  meant  the^aswtt  to  whirls  flie  hrtiin^ 
**e  rathtr  thf!  rnttiy  rnttffl  uetwiiB  $j^in^  u  ifdtjtded  b^  iht!  sul*tirachmml 
fiiikl  ami  thttt  **/  tlw  fnttriruiar  syskm, 

This  presmire  i»  said  to  \)0  diredh  increasecl  when  the  quantity  of 
sttbiirachnoix]  ttuid  h  aiigrnrnt^cd,  imlirrethj  incro/iscd  when  the  intni 
ccpbiilie  »fwi€e  is  dimini^be(|  (Ffilkonheim  and  Xaunyn,  No.  104,  xxii. 


iJisiribatitm  of  thi  Cm'dr&'S^imd  Liqmd, 

Thvre  mppeam  Ui  h&  very  littk*  liiiuid  in  the  subduml  8|iacc ;  it  iti 
oven  ttllcgrd  thiit  the  unvcbiiuid  lies  in  ilirect  caiiUtet  with  the  dura. 
The  ccrchnvspinul  linuiti  in  eonUiiiietl  tuostly  in  the  fenlwirachtioid 
«paee.  L'omimuiieutioiiH  exint  between  1\\\a  sfiace  and  the  ventriclca 
thttiiigh  the  fijcumeri  uf  Mji^endie  and  the  a|iertur;e  luteiitlcs  vcn* 
Lrieuli  (pLtrti  (Key  urid  lietziiiH).  It  is  rare  to  find  a  hyilix>|»  uf 
the  mbilural  space  ;  tho  Hqitid  iiBiiaHy  accitniutates  in  the  sulmrach* 
noid. 

Tho  eiTebrci' spinal  liquid  also  communicate*  with  the  venotli 
biciuiiii  of  the  dura  through  the  Piiechioriian  WHes  or  grauuktiona  j 
ttild  by  other  lent*  wellknown  jiaths  with  the  lyniphalic^  of  the  head, 
and  specially  with  thoae  of  the  naaal  mucous  uiembrane. 

A  frcre  euninuuiicjition  exifltt  between  the  eughitJii  of  liquid 
atUTouudin^  the  t^pinal  conl  and  that  wdiich  envelope  the  bmin.  As 
showing  the  freedom  of  this  communication  Naunyn  and  Schreilier 
(No*  104,  xiv.  1881.  p.  4)  find  that»  when  a  cannula  is  inserted  into 
the  sulnarachnoiii  space  of  the  fjiisterior  t^jiinal  region,  ^mX  another  into 
the  stdmnirhnoid  space  of  the  bniin  thnju;^h  a  treiwin  opening  in  the 
iikull«  pressure  applied  to  the  eonlent*  of  the  skull  thnmgh  the 
ec>tTe4!^[K>ndin^  cjinnuln  iBalnioAt  immediately  tnitismilteil  to  the  aituiula 
within  the  spinal  canal  until  the  pre4)S\ue  in  the  two  sittUitioni»  is 
equalised.  Pressure  applied  in  the  opiKxtite  direction,  that  \a  to  say 
from  below  upwanls^  u  not  transmittcMt  so  rnpidly. 
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The  Normal  Fresmre  of  tJu!-  Cerebro-Sjnnal  Liquid, 

There  is  manifest  clifficiilty  in  ascertaining  this  in  Man.  Quincke 
(No.  208,  xxi.  p.  465X  however,  found  that  within  a  lumbar 
meningocele  in  a  child  eleven  weeks  old  it  came  up  to  4  mm.  Hg. 
(54  mm.  H.,0) ;  and  in  a  four  months^  child  to  12  mm.  Hg.,  rising 
to  20  mm.  on  the  child  crying.  Bergmimn  (No.  523,  Lief  xxx.  p. 
293)  under  like  conditions  found  it  to  amount  to  15  mm.  Hg.  duiing 
nareods,  and  22  mm.  when  the  child  was  crying. 


Fital  Phenonienn  indm^ed  by  Vitn/mtj  Ike  Pressure, 

The  method  of  raising  the  brain  pressure  employed  by 
N'aunyn  and  Schreiber  {loc.  cif.)  was  that  of  injecting  |  per  cent 
salt  solution  into  the  subarachnoid  space.  With  various  nitxlifica- 
tioiis  it  is  the  means  geneitilly  cinployed  for  the  purpose. 

The  degree  of  pressure  h  estimated  either  by  passing  a 
manometer  up  to  the  bise  of  the  skull  through  the  ligamontimi 
occipitonatlantoideum,  or  by  using  an  apparatus  tightly  adjusted  to  a 
trepan  opening  in  the  vault  of  the  skull  The  pressiu'e  must  reach 
a  certain  height  before  symptoms  begin  to  show  themselves.  This 
point  is  not  absobite,  but  in  dependent  upon  the  blood  pressure  within 
the  carotid.  In  no  ciise  is  the  rise  hiating  wdicre  the  means  of  indue- 
ing  it  are  suddenly  applied,  as  by  compression  of  the  channel  of  the 
aorta.  In  from  one  to  two  minutes  after  the  incre^ise  has  been 
noticed  a  fall  occurs.  It  is  due  to  absoqition  of  jiart  of  the  cerebro- 
spinal liquid. 

Pain  is  admittedly  the  first  result  of  an  elevation  of  pressure, 
mid  supervenes  under  a  compamtively  slight  increase,  that  is  to  S4iy, 
when  the  pressure  is  niised  to  70-f^O  mm,  Hg,  With  a  greater 
pressure  it  disappears.  The  cause  of  the  piin  Naunyn  and  Schreiber 
ascribe  to  stretching  of  the  dura  mater  and  to  anaemia  of  the  brain. 
This  id  important  as  probably  explaining  certain  forms  of  headache. 

Next  in  sequence  come  convulsions*  A  pressure  of  80-100 
nun.  Hg.  gives  rise  regularly  to  them.  They  are  most  likely  due  to 
amieinia  of  the  cerebral  motor  centres,  and  are  consequently  analogous 
to  those  seen  in  an  animal  bled  to  detith.  They  occur  before  any 
ilowing  of  the  ptilse  is  noticeable. 

The  circulatory  phenomena  are  the  following :  AH  observers 
are  agreed  that  an  elevation  of  brain  pressure  beyond  a  certain  point 
induces  a  retitrtlation  of  the  pulse.  This  is  accountetl  for  by  the 
stimulation  of  the  vagus  centre  in  the  medtiila  oblongata.  The 
phenomenon  fails  when  the  vagi  are  divided.  More  esxjecially  is  the 
blowing  of  the  pulse  noticed  when  the  pressure  is  severe  and  long 
continued.     A  pressure  even  of  -00  mm.  Hg.,  however,  fails  to  induce 
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it  when  the  vb^  ftre  divided,  or  when  their  terminations  are  pamlyied 
by  atropin  (Naunyn  and  Schi-eiber), 

Ton'ttrds  the  rniHi^  leiaiis  the  pulse  increases  in  rapidity  owin^  to 
the  vagus  centres  becoming  parulysciL  This  quick  judso  is  usiuilly  u 
aigti  o(  sinking. 

The  effect  of  increawd  brain  preBsuf^  upon  thr  geii«?ral  art«r{«l  ftfviittrt*  through- 
out thu  body  is  thna  aumniAri^'d  by  Sc'huh«*ii  (Nu.  92,  xxjdi  1895,  p.  742).  Hit 
•xperiDMtitft  Wttro  mttde  upon  dogs  aad  mbhtt* : — 

(1)  So  lon^  ■!  the  hraln  pnmire  is  lew  than  the  minimum  height  of  the  original 
blcKKl  presaufp,  and  what  M&rey  calls  the  '*  constant  pr«9«ur«^*'  it  doe<s  not  vxert  tpy 
appreciablf  inHuence  nfjon  the  blood  pnesatiTc. 

(2)  If  the  brain  preasure  ri»ca  aboYe  the  minimil  blood  preaaute  an  deration  in 
the  blood  ]in^wai«  constantlj  followi ;  the  |>ulao  becomea  alow.  Thii  hold*  good  for 
tha  majnniam  aa  for  the  minimum  height  of  tlit^  same. 

(8)  VThen  the  brain  prv^ssure  again  falU  the  bliK)d  pr«aaure  alao  fima,  bat  whan 
th«  former  sinka  below  the  original  minimal,  the  latter,  after  a  tninutiK  or  two^ 
Wachea  fta  original  type  and  level. 

(4)  Whan  the  amount  of  preaaure  applied  to  the  brain  ia  rmlaed  much  aboire  the 
OflgEna]  blood  pressure,  the  bloot!  presauR^  in  turn  tends  as  a  rule  to  rise  above  that 
of  the  brain.  Tliere  ai«  individual  idiosyncraaica  aa  to  the  point  at  which  thi« 
occunu  In  erery  oaao,  however,  there  is  a  border  at  which  the  artisrial  pressure  no 
longer  follows  that  of  the  brain.  He  explains  this  occurrence  by  the  influenoe 
exartad  by  the  Taao-rootor  oentra  in  the  medulla  oblongata  upon  the  blood  preaaui^ 
gtti8t«11y.  That  when  the  fania  praaauro  rises  to  such  a  point  tliat  the  blood 
atraani  supplying  the  medalli  ia  only  tcmporuily  intemtptad,  the  viao-motor  cmitn 
is  atimulated,  the  Uood  praaaure  riaoa,  and  the  medulU  oblongata  again  iteoeiTai 
blood*  Therewith,  however,  th««  camie  of  thi*  stimnlation  ceasaa  and  the  blood 
preaaitre  again  Mink*.  If  tltc  preasurt)  is  of  short  duration  only  a  single  wave  of 
elaratioQ  ia  noticed  ;  if  oontimioaa,  a  seHca  of  wave»>  Uviue  lui  undulating  blood 
prawora  curve  oflaii  r«aulta*  Berg<nann  and  Duret  accept  this  explanation.  The 
vaao-motor  centre  ia  the  niodulla  \m  held  to  be  read%  excitabb*  through  anit*niic  i-on- 
ditiona.  The  eflaota  of  anicmia  of  its  substance  induced  by  capillary  embolism 
(lycopodinm  teeda,  injection  of  oil  into  the  carotid)  or  ligature  ot'  the  veeseU 
supplying  the  brain  bear  on t  this  a-wertion. 


The  acttial  state  of  the  vessels  lutder  increased  prestiure  ia 
difficidt  to  oliserve  without  in  a  manner  vitiating  the  ex]>eriment. 
Schult'^n  (Na  92,  xxxii.  1885,  p.  461)  was  enabled  to  fonn  an  approxi- 
mate  idea  of  their  condition  by  relative  obsetvntions  on  the  ophthalmic. 
He  inserted  the  cannula  of  a  mercury  luanonieter  into  the  vitreoQfi 
and  by  a  special  method  of  illitmijiation  noticed  the  effect  of  increasing 
the  pressure  of  the  vitrcotis  through  the  mercury  of  the  U^hajjed 
tube  of  the  manometer. 

If  the  pressure  within  the  >itreou8  in  an  animal  ia  below  »0,  100, 
to  120  mm.  Hg,,  the  arteries  of  the  retina  and  choroid  Rhow  little 
change.  WTicn  the  pressure  comes  up  to  these  levels,  however,  the 
arterial  stream  becomes  intermittent  in  the  arteries^  while  that  in  the 
veins  is  unaltered,  although  they  become  finer.  An  addition  of  from 
10-iO  mm.  Hg.  preasure  causes  the  pulsation  to  cease. 
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Keasoaing  by  analogy,  wo  may  sjiy  that  in  all  prolmlvility  the  same 
influences  are  exercise*!  upon  the  vessels  of  the  hrain  as  upon  those  of 
the  eyeball  wheii  the  pressure  of  the  cerebro- spinal  fluid  is  raised. 
This  seems  all  the  more  likely  from  the  fact  that  increase  of  the  biain 
pressure  causes  narrowing  and  ameniia  t>f  the  retinal  arteries.  Leas 
Wood  passes  through  the  arteries,  owing  to  the  manner  in  which  they 
are  compressed  on  all  sides. 

WTiere  the  brain  over-prossme  is  slight,  the  respiration  becomes 
irregular ;  where  it  rises  higher,  and  where  coma  has  supervened,  it 
18  daep  and  slow  ;  and  where  it  has  become  still  higher,  and  if  the 
retarded  or  rn^vs  pidsr  comes  on,  it  h  irregidar  and  at  times  eeases  ; 
whiles,  when  the  vagus  paralysis  manifests  itself  by  the  acceleration  of 
the  pulse,  the  respirations  become  very  laboured  and  are  finally 
annulled.  With  weak  but  continuous  pressui  e  there  is  more  irregu- 
larity of  the  breathing  than  of  the  pulse,  and  the  breathing  Ijecomes 
affected  before  the  pulse  phenomena  show  themselves. 

Loss  of  consciousness  supervenes  at  a  compmitivcly  early 
period »  and  if  the  over -pressure  is  continued  sutficientiy  long  and  is  so 
powerful  as  to  caU  forth  the  grand  phenomena,  it  sooner  or  later  always 
proves  fatal. 

Anomalies  in  the  movements  of  the  pupils  are  also  met  with 
both  where  the  increase  of  pressirre  is  experi  men  till  ly  induced  and 
where  it  is  the  result  say  of  meningitis.  In  Man  a  uni-  or  hi -lateral 
dilatation  of  the  pupil  occurs.  Naunyn  and  Schreiber  found  it  in 
Miinutls,  but  there  never  was  any  ditto rence  in  the  size  on  the  two 
sid<58.  When  any  difference  in  their  size  is  noticed  in  Man  it  may  be 
concluded  that  it  is  caused  by  the  local  influence  of  a  tumour  or 
inflammatory  et!usion  upon  the  ner\^es  influencing  the  size  of  the  ])upil 

Chemosis  or  redema  of  the  conjunctiva  is  said  by  Leyden  to  lie  a 
sjrmptom  of  meningitis.  It  may  be  caused  by  the  elevated  brain 
pressure  forcing  out  an  increased  quantity  of  cerebr(>s{)inal  Huid  into 
the  neighbouring  lymphatics.  A  similar  discharge  of  this  fluid  takes 
place  from  the  nose  of  the  dog  when  its  brain  pressure  is  iircrcased. 
The  fluid  is  at  first  thick,  but  afterwards  becomes  thin  and  watery. 


Amouiit  of  Pressure  whkli  proves  Bekieriotts, 

It  may  be  said  that  a  presstce  of  30  mm.  Hg.  is  not  free  from 
^  er,  and  that  the  higher  it  goes  the  greater  the  danger  liecomes. 
Qoiiicke  found  the  subarachnoid  pressure  in  a  child  suttering  fmm 
•eme  hydrocephalus,  with  "choke -disc"  eye  phenomenon,  to  range 
between  30  and  40  mm.  Hg.  It  is  reckone<l  that  the  grand  pheno- 
mena ensue  whenever  the  pressure  of  the  cerebro-spinal  rfuid  comes  to 
ecjiial  that  of  the  arteries. 

All  factors  which  occfision  an  increa.se  of  the  cerebro-spinal  tluid 
are  liable,  ceteris  parilms,  to  occasion  a  rise  of  brain  pressm^e.     Such  are 
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hydrsBmia,  and  acute  inflammatory  afl'ections  surh  as  meningitis.  The 
praMure  may  also  be  the  result  oi  haemorrhage  into  the  \msaI  giinglia 
or  intra-memhranous  spaces.  It  is  often  caused  by  the  presence  of 
tuzuours. 

Aduai  Cause  qf  tlu  Pftenam^mu 

,  Almost  all  the  phenomena  can  be  traced  ultimately  to  aiuvmia  of 
tti  organ.  In  the  caae  of  tumour^  as  Adnmkiewicz  (No.  541  and 
tbiwhere)  points  out,  the  direct  enui^e  of  the  pre^ure  and  amfniia 
need  not  necessarily  bo  the  tumour  itself,  which  is  sometimes  small, 
but  may  be  the  enlargement  of  the  hemisphere,  which  usually  accom- 
paiiiefl  all  brain  tumours  (see  p.  577). 

It  ought  to  be  rememberet!  thtit  the  third  ventricle  lies  immedi- 
ately above  the  optic  chiasma.  The  lamtiia  cincrea  alone  is  inter- 
I>osed,  and  this  ia  so  thin  that  practically  the  chiasma  may  l»e  »iid 
to  constitute  the  main  fiart  of  the  ventricular  floor.  In  conditions 
where  liquid  accunudates  in  the  ventricle,  the  compression  of  the 
chiasma  and  fidjticent  parts  is  so  great  that  the  lamina  disappears  and 
the  chiasma  becomes  flattened  out.  The  |>osition  of  part^  u  such  that 
in  the  upright  state  of  the  l>ody  the  compression  will  be  greatest 
Various  anomalies  of  vision  and  morbid  states  of  the  optic  nerve  may 
thus  be  accounted  for. 


JfMtaliem  far  TrmtmaU. 

Sieing  tliat  aufemia  i»  the  causa  of  the  phenomena,  Nuunyn  and 
Schrelber  condemn  venesection  as  adding  to  the  evil,  juid  extol 
everything  which  tends  to  raise  the  blood  presaura  It  is  question- 
Able  wheUier  this  ad\ice  is  founded  upon  strictly  logical  peaaoning. 
Bergroamit  on  the  contrary,  recommends  venesection  on  the  groond 
that  all  increase  of  pressure  within  the  arteries  increaBee  the  amount 
of  compression  to  which  the  brain  is  subjected,  and  so  renders  stiU 
more  difficult  the  already  trammelled  capillary  circulation.  The 
previous  authors,  however,  hold  that  this  is  an  erroneous  argmnent^ 

m  Brain  /Vr*ttrrr,— ▼,  Berraanii  (Brain  PlreKim):  Arch,  t  klin. 


ctiv  u^^.^^,  ^78.     Falkenhetm  and  Naunvn  (Unun  Freasnre):  Arch.  f.  ^mr.  FVth. 
u.  PlmniiAkol.,  xxiL  1^^86*87,  p.  261.     JoUy :  Untersnchuugeu  iib,  cJ.  Gcbimdruck, 


Cli  i^S5.  i».  r05.      Duret  t    VavvU-h  vx\h-y.  ei  olia,  mr  lc«  trmtmuitistn<« 

FaJ .     .    ^  ... 

l»8«^7,  p.  261.    Jolly :  „  , 

l$71 .  Lewy  ( Rr^iUtion  of  Cinmlntion  in  Brain) :  Arch,  f."j»th.  Anat ,  C3txii.  1890ii 
p,  146.  Lejrden  (lirain  Prewrar*  and  Brain  Movement):  Arch.  f.  i«th.  Anat, 
suDCTtL  l»66,  \K  51^.  Mayer  (E(r«H^t  «if  U^tnrr  «)f  Carotids  and  Hloocl  PriMnnv): 
Hitzuii^berioht«  *J,  k.  k.  Ak»#l,,  Wi^n.,  lt%ni.  iii.  n,  85.  Nauojrn  and  Schrelber 
(Brain  Preaaare):  Ajx^h.  f.  rxp.  Path,  lu  PharmakoL,  x%\\  l^M.  ]k  L  Pageii> 
atoclier:  ExiicHmorite  u.  Stadicn  nh.  d.  Gehirndnick,  1H71.  Rosenbach  and 
Scfatacherbak  (Elfccts  of  CofDpf<«io») :  Anh.  f.  \nki\u  Auat.p  c\\i».  18\>0,  p.  :>6. 
Schfloatia  (Oitiriuwioii):  Arch,  t  iiath.  Aiiat,  csixiu  1890,  p.  326.  Speocer  and 
Hortley  (Cip'tilnljon  and  luertw^n  luUH'Cranial  Frtamai^) :  Procu  Roy.  Soo.  Lond., 
xlriii.  1890.  p.  273. 
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Variations  in  the  Volumk  of  the  Bilun. 

906.  Tlie  foregoing  oligervutions  relate  to  the  effects  of  increiised 
^pmsure  from  the  cerel  >ro-spinal  fluifl  upon  tlie  brain  substitnce.  The 
earperinients  of  Koy  and  Sherrington  (No.  179,  xi*  1890,  p.  89)  made 
on  dogs  were  designed  to  test  the  effects  of  different  agents  upon  the 
Tolume  of  the  brain  itself,  quit^  irrespecti%T  of  the  infinence  of  the 
cerebro-spinal  fluid.  Through  a  trepan  hole  a  recording  piston  was 
brought  in  contact  with  the  cerebral  hemisphere,  while  the  cerebro- 
spinal fluid  was  allowed  to  escape  at  the  Bitles  of  the  aperture.  The 
results,  therefore,  correspond  to  the  variations  of  vertical  thickness  of 
the  cerebral  hemisphere  irrespective  of  the  influence  of  the  cerebro- 
spinal liquid.  It  must  !»e  borne  in  mind  conse<|Uently  that  the 
conditions  are  not  exactly  unc<>niiilicated,  and  that  the  absence  of  the 
incompressible  cushion  of  cerebrospinal  liquid  may  to  a  cerUiin  extent 
have  modified  the  effects  of  the  agents  applied.  Theii^  main  conclu- 
fiions,  however,  are  the  following : — 

(1)  That  atitjiulation  by  induced  L-yrrents  of  the  utjcut  or  of  the  oeutrttl  end  of 
the  cut  aointic  Always  jiroduet*  expansion  of  t!ie  braiu.  The  exuaogion  lasts  ^  var^'iiig 
niimWr  of  Mtivxiudi)  After  tbt*  stirniduii  has  ceased.  This  volume  of  thti  brain  tliuii 
r«tiima  to  wbut  it  was  before  tin?  ftpplitratjun  of  the  atimidn^.  Stiiniihifiou  of  any 
other  ftenaory  nerve  induces  like  results,  Tlie  exi»antsion  h  probably  due  to  the 
^nenil  rise  in  arterijil  prtflsure  caus^  by  th<!  applieution  of  the  stinmlu^. 

(2)  Closure  of  Iwth  carotids  causes  gieat  slirinkin^  iu  tbe  volunio  of  the  bniiii 
from  lowering  of  the  blo<>d  pruaaure.  Lowering  of  the  arterial  pressm^  horn 
li^morrhoge  or  other  canst*  has  a  like  effect, 

(8)  Asphyxia  induces  active  ex^^tihiiou  of  the  cerebral  vesselfl  in  additiotj  to  the 
[laa^iTe  dbteiifiion  whieh  re^iulti*  from  the  ri.s©  of  the  arterial  aiid^  in  certain  instances, 
of  the  venoii*  pressure. 

(I)  The  blood  supply  of  tbe  brain  varies  directly  with  the  blcKjd  pre^snre  in  the 
•yst^ntic  arteries. 

(hf  There  18  no  reason  tVir  believing  that  vaso-raotor  nei-ves  fur  tlie  brain  are  to  be 
fotuul  in  the  ncm*ea  of  the  neck,  Thery  is  no  evidence  of  their  existence  outside 
ill*  cerebrr>-spiwul  eanah  Nor  do  tbey  admit  that  va.9o-niotor  nerve8  for  the  l»rain 
ar«  to  !►«  found  in  the  medulla  or  in  the  H[iinal  cord.  Direct  stiniulation  fif  the 
mttluna  and  terrical  eoiti  resulted  only  in  |>a.s«ive  arterial  ci>ngi.Htion, 

(6)  The  regtdalion  of  tbe  cerebral  circulation  ih  the  result  of  three  factors — {a)  the 
glBDeml  arti'rial  pressure  of  the  body  ;  ih)  the  general  venous  pressun- ;  and  (r)  the 
prwetiee  or  absence  of  ehenneal  pnxlucts  of  eerehml  metabolisni  containeti  iu  the 
lymph  which  loathes  the  walb  of  the  arterioles  of  the  brain.  The  laitt  of  these,  they 
thiJik.,  may  siimetime^j  act  locally  on  one  particular  part,  bringing  about  dift'erent 
dlgr«ea  of  cerebral  Activity. 


Chkmical  Reaction  of  the  Brain  in  Kklation  to  Volumk 

907.  Langendorf  slates  that  the  gray  nod  white  parts  of  the 
hmin  are  normally  alkaline,  Init  that  u  portion  of  Ijrain  becomes  acid 
even  a  few  minute's  after  excision.     So  long  as  the  alkaline   hlood 
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is  fredj  rapplied  to  the  |mrt  the  reaction  reniaina  alkaline,  but  as 
soon  A8  thiA  fails  an  acid  (lactic  t)  resulting  from  the  metabolism  of  the 
tissue  makcj?  it*  appefimnce  and  alters  the  reaction.  The  samo  rcstUt* 
follow  when  the  bniin  is  rendered  anaemic  liy  ligaturing  both  carotids, 
and  the  acid  nMiction  gnidually  dii^p|iears  on  reojiening  the  carotids 
and  allowing  thu  MwmI  supply  to  retuj-n. 

Roy  and  Sherrington  (No.  179,  xL  1890,  p.  98),  by  introducing 
compiratively  small  do»es  of  au  acid  into  a  vein,  ware  able  to  inarMM 
the  volume  of  the  brain,  owing  to  the  exiiansion  of  the  cerebri  vem 
thereby  induced. 


Ekkw TS   OK   LVCREASED   AtMu>SPHI:IUC   PRlSSUItX  ON  TKB 

Spinal  Corh. 

908.  Spinal  cord  lenions  have  l>€en  reported  by  Schidtze  (Na  13, 
Ixxix.  liS80»  p.  124)  and  Leydcn  (see  Scbidtxe's  jiaper)  as  occunnng  in 
individimls  subjecte*!  t^j  sudden  variations  of  atmospheric  pressure.  a« 
in  those  working  in  divingd^ells,  etc  Schultze,  in  one  case,  found 
tlistinct  degeneration,  and  what  he  holds  to  l>e  indications  of  myelitis, 
while  Leyden  mentions  small  ru|jturos  of  the  spinal  medtdla.  The 
theory  is  that  difierences  in  barometric  pressure  cause  a  distension  of 
the  blood-vessels  of  the  cord,  a  condition  which  acts  deleteriously 
upon  the  surrounding  nervous  matter. 


CoNCiTSSioy. 

•09.  The  beautiful  expeHments  of  Duret  (No.  542)  were  perhaps 
the  flnt  to  place  the  puhology  of  concussion  u|k>u  a  soutkI  luusis. 
Briefly  summarised,  the  results  accruing  from  thest*  ex^x^riments  may 
lie  ttated  as  follows :  When  a  blow  is  inflicted  upon  the  skuU^ 
bone^  which  is  pliable,  becomes  momentarily  dcpressc^l  and  a  waT 
of  cerebro  spinal  liquid  passes  over  the  brain*  Not  only  dm^s  it  pass' 
over  the  surface,  but  the  wave  also  afTects  the  liquid  within  the 
ventricles,  whert^n-  it  is  driven  out  through  the  af|iie<luci  of  Sylvius 
and  fourth  ventricle  down  njMm  the  H[»ituil  cord.  The  euergj'  «»f  the 
blow  expends  itself  through  the  iristnimentality  of  the  cerebro-spinal 
liquid  upon  the  elastic  ligjiments  of  the  spinal  cortl.  The  force  with 
which  the  liquid  is  ihiven  downwartls  stretches  the  jmrt^  iiijuriouj*ly 
in  the  neigh l>*iurliocKl  of  the  aqueduct,  and  small  haemorrhages  result. 
Viistnilar  sjwi«ni  and  aniemia  of  the  bmin  re^^nlt,  with  all  the  evils 
attending  the  ktter  condition,  including  temporary  loss  of  conscious- 
neea 

In  Man,  minute  hs^morrhagee  in  the  above-mentioned  situations 
iff  among  the  commonest  of  oeourrences  in  fata]  concussion. 

Along  with  these,  puncUforro  hiemorrhage  with  lacemtion  of  the 
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ain   substance  is  often  found  at  a  point  of  the  skull  opposite  to 
that  of  impact.     They  are  the  result  of  what  is  usnally  known  as 
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CHAPTER  LXXIX 
THE  NERVOUS  SYSTEM— (Continued) 

An\£mia  and  Hyper.«mia  of  the  Central  Nervous  Systj^i. 

910.  Definition. — Hy  cerebral  anaemia  is  commonly  understood  a 
condition  in  which  ih/*  aimmnf  of  Mood  passing  through  tlie  organ  is  lessened. 

The  encephalic  cavity  being  filled  and  it«  contents  practically 
incompressible,  it  is  evident  that  anaemia  and  hypera^mia  of  the  brain 
must  of  necessity  be  deixsndent  upon  a  disturbance  in  the  Ixilancc 
struck  by  the  blood  pressure  on  the  one  hand  and  the  pressure  of  the 
cerebro-spinal  liquid  on  the  other. 

Appearances  of  amemm  and  congestion  found  after  death  must 
always  bo  inteq)rete<l  \ni\\  care.  In  illustration  of  the  necessity  for 
this  the  condition  of  the  brain  in  convulsions  may  \\q  cited.  Thus  if 
the  individual  die  during  a  powerful  convulsion  the  brain  may  1)e 
found  blancheil  ;  while  if  death  supervene  some  time  after  the  con- 
vulsive attack  is  over,  a  state  of  extreme  hy])en)emia  is  just  as  likely  to 
lie  met  with.  To  reason  as  to  the  state  of  the  brain  in  convulsions 
from  either  of  these  data  alone  would  accordingly  be  misleading. 

The  phenomena  of  di8turl)ed  cerebral  circulation  being  vital,  they 
must  in  great  part  l)e  studieil  by  experimental  methoils.  Several  of 
the  most  import^int  results  bearing  on  the  subject,  and  obtaine<l  by 
this  means,  will  lie  found  under  Brain  Pressure  (Sect.  905). 

Local  anaemia  is  usually  the  result  of  mechanical  obstniction. 
Its  effects  are  discussed  under  Cerehnd  Kmhiism,  There  is  a  possibility 
that  spasm  of  a  single  vessel  may  pi-evail  to  such  a  degree  as  to  cause 
a  complete  olwtniction.  Cases  of  aphasia  without  evident  lesion  seem 
explicable  alone  on  this  lutsis  (see  Aphasia). 

Apoplexy. 
(air(MrX>;f  ta,  from  a1rorX>/<J^c^opl^  to  strike  icith  amazement.) 

911.  Definition. — ^The  term  is  employed  in  two  senses :  ( 1 )  either 
as  indicative  of  a  hxmorrhnge  into  the  6rain  or  apiTial  cord ;  or  (2)  as 
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referring  to  ihe  symptoms  which  follow  upon  such  a  haemorrhage.  In  the 
sense  merely  of  a  hsemorrhage  the  term  is  often  applied  to  an  effusion 
of  blood  not  merely  into  the  central  nervous  system,  but  into  other 
organs  like  the  lung  or  spleen.  At  present  the  term  will  be  used 
simply  in  the  sense  of  indicating  a  haemorrhage  without  reference  to 
the  symptoms  induced  by  it. 


Varieties  and  General  Causes. 

The  effused  blood  may  be  found  in  the  follo^ving  situations : — 

(1)  Between  the  dura  mater  and  the  bone. 

(2)  In  the  subdural  space. 

(3)  In  the  subarachnoid  space. 

(4)  In  the  brain  itself. 

(5)  In  the  ventricles  and  central  canal. 

In  any  of  the  first  three  varieties  the  cause  is  usually  trau- 
matic; the  latter  two  may  be  traumatic,  but  are  more  frequently 
caused  by  rupture  of  a  vessel  from  disease  of  its  coats. 

It  must  be  remembered,  however,  that  a  haemorrhage,  say  into  the 
ventricles,  and  primarily  due  to  disease  of  the  vessels,  may  rupture 
through  the  brain  substance,  and  find  its  way  into  the  subarachnoid,  or 
even  into  the  subdural  space. 

The  commonest  cause  of  traumatic  haemorrhage  is  laceration  of  a 
meningeal  artery,  more  particularly  of  the  middle  meningeal,  associated 
with  a  fracture  of  the  base  of  the  skull.  The  blood  is  usually  poured 
into  the  subdural  space,  and  lies  often  est  over  the  motor  area  of  the 
cerebral  hemisphere.  It  is  often  circumscribed  in  a  saucer-shaped 
mass  exactly  over  the  fissure  of  Kolando  and  its  vicinity.  The  blood 
does  not  tend  to  diffuse,  prolmbly  owing  to  there  being  little  if  any 
liquid  between  the  dura  and  arachnoid.  When  the  haemorrhage  takes 
place  beneath  the  arachnoid,  from  traumatic  causes,  it  is  as  a  rule 
associated  with  laceration  of  the  neighbouring  brain  substance.  The 
actual  injury  is  caused  mostly  by  contre-coup. 

Punctiform  hasmarrhages  into  the  pia  are  seen  in  so-called  blood 
disease,  such  as  pernicious  anaemia,  purpura,  typhoid,  etc. 

Cerebral  hsemorrhag^e,  as  above  mentioned,  is  usually  a  result 
of  disease  of  the  vessels — atheroma,  miliary  aneurism,  simple  fatty  de- 
generation. The  commonest  site  is  undoubtedly  the  basal  ganglia.  It 
will  be  remembered  that  the  basal  ganglia  are  supplied  by  the  perforating 
branches  given  off  from  the  main  stems  of  the  circle  of  Willis  (Sect. 
903).  Those  derived  from  the  middle  cerebral  are  most  commonly 
implicated  in  basal  ganglion  haemorrhage.  They  are  of  two  orders, 
external  and  internal,  the  exteiiml  are  the  larger,  and  there  is  always 
one  of  considerable  size  which  runs  along  the  base  of  the  lenticular 
nucleus.     If  the  parts  lying  external  to  the  lenticular  nucleus  are 
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carefully  removpfl  this  artery  is  exposed.  It  is  known  its  the 
lenticulo-striate  artery,  anfl  its  branches  of  distribution  supply 
the  finteriur  tuotbirds  of  the  outer  segment  of  the  lenticuhir  nufleua. 
The  othiT  ext4^nml  lininchus  are  distributed  to  the  |KJ8torior  oxlrennty 
of  the  lenticular  imclt'ua.  They  are  known  as  the  lenticulo-Optic. 
Thr  intrrual  pc^-fomting  branches  supply  the  inner  and  middle  scgtuentis 
of  the  lenticular  nucleus,  and  are  named  the  lenticular  arteries* 

It  is  from  these  various  branches,  anfl,  according  to  Charcot  (No. 
543,  p.  80),  from  the  lentieulo-striatc  artery  in  jjarticular,  that  the 
blood  issues  in  basjvl  giLUglion  haemorrhage.  From  the  fact  that  they 
lie  deeply,  the  blootl  ttMuls  to  lacemle  the  imi>ortant  ptrts  in  tbd 
neighb^jurhood.  Hence  the  serious,  it  may  almost  be  ^\\  irremedialile, 
nature  of  the  injury^  for  although,  possibly,  more  or  less  complete 
reoovery  might  take  pliice  were  the  gray  matter  alone  destroyed,  yet 
the  fnct  of  the  inner  cjipsulo  lying  m  close  to  the  gray  masses  renders 
ita  injitry  almost  certjiin  when  the  h;emorrhiige  is  at  all  extensive,  and 
the  ilamage  conseipiently  irreiuinible. 

The  blooil,  having  torn  up  tlie  ba^sal  masses  of  gray  matter,  tenda  to 
make  ita  way  into  the  latend  ventricle,  antl,  if  copious,  not  only  may  it 
be  poured  into  one  lateral  ventriel*',  but  the  entire  ventricular  system » 
down  even  as  far  as  the  fourth  ventricle,  may  be  filled  to  distension. 
In  all  such  copious  hemorrhages,  either  int*j  the  ventricles  or  between 
the  membranes,  the  brain  is  jKctdiarly  anaemic.  This  does  not  Api>ear 
Vohe^posi-ffwrUm  appearance;  it  is  evidently  due  to  the  pressure  exerteil 
by  the  mass  of  efTused  blood  utxjn  the  intracranial  vessels.  The  deep 
coma  which  follows  upon  such  a  copious  haBmorrhage  still  further  bears 
out  the  supposition  that  the  vessels  are  in  a  state  of  anaemia  from 
eompnasickn. 

It  ought  to  be  remembered,  however,  jis  Schult<f»n  (Su.  96,  xxxii. 
1885,  p.  712)  renuirks,  that  as  a  matter  of  fact  no  case  of  ''  choke-disc,"  a 
condition  so  often  associated  with  intracranial  over-pi'essure,  has  been 
recorded  in  connection  with  depression  of  the  skull  or  exUBvasatioii  of 
blood  Iwtwoen  the  dura  and  Ixinc.  The  same  holds  good  of  localised 
haemorrhage*.  The  retinal  circulation  is  little  alTected  in  onlinary 
een^bral  afxiplexy.  Should  the  blood,  however,  be  jxiujed  into  the 
sabdund  or  subamchnoid  space,  es]>ecially  at  the  base,  blood  and 
serum  iijul  their  way  into  the  sheath  of  the  optic  nerve  and  com* 
prea  the  venels ;  -*  choke-disc ''  under  such  circumstances  may  be 
detected. 

Haemorrhage  into  the  cerebellum  is  peculiarly  fatal.  The 
individual  aiiected  by  it  seldom  lives  more  than  six  hours,  jiroUibly 
from  the  pressure  exerted  by  the  swollen  hemisphere  ujxjii  the  fourth 
ventricle.  It  may  occur  in  yijung  people,  particularly  in  ytiung  womi^n, 
and  is  due  to  a  simple  fatty  degeneration  of  the  small  arteries  and 
their  capillaries 

Spurious  Apoplexy. — It  is  worthy  of  note,  however,  that  a 
person  may  die  with  all  the  signs  and  symptoms  of  a  massive  initdr 
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r  cranial  luemorrhage  without  a  [mrticle  of  blood  having  been  efiftised 
^bere  are  sereral  such  aises  on  roconl  (e.g,  Koss,  No,  »521,  ix.  1887, 
p.  4 IX  and  curiously  there  is  sometimes  nothing  to  account  for  the 
fatal  i^ue. 

Hxmorrhage  into  the  medulla  oblongata  or  pons  is 
.UstuiUy  rwpidly  fatal,  from  interference  with  thi^  importfint  centres  in 
llheir  locality. 

Haemorrhage  into  the  spinal  cord  selflom  ukes  plaea  in 

as  a  result  of  di.se<ise.     Smail  hteraorrhages,  Ijowever^  occur  in 

where  there  is  hype  ra?  mi  a.     They  be  mostly  in  the  vicinity  of 

He  primary  divisions  of  the  arteries   of  ihe  anterior   fissure.     The 

<^pinid  arteries  do  not  often  become  atheromatous^  hence  perhaps  the 

fact  nf  spinal  apoplexy  being  rare.     Au  a  result  of  injury,  such  as 

[fracture  nf  the  spine  and  so  fortb»  apoplexies  of  the  cord  are  often  met 

I  with.     WTiether  concussion  of  the  spine  cfin  occasion  them  may  he 

jottbt^. 

Changes  in  th^-  Pari  after  the  Bl'Ood  it  effuMd, 

The  blood   when   effused   in  a  massive    biBmorrhage   appears  to 
ilate  nipidly,  and  when  cut  into  is  seen  lying  in  the  lacerated 
in  suVwitfinee  in  the  form  of  a  black  mass»     liound  about  it  there 
ay  be  some  minor  punctiform   haemorrhages,  and  some  of  the  blood- 
^colouring  matter  may  be  seen  exuding  into  and  discolouring  the  neigh- 
bouring [»ia  mater. 

Floated  in  water,  the  milmrf/  nu^ttrism^  which  has  probal>ly  been  the 
ftuae  of  the  extravasation,  will  come  into  view.     These  aneurisms  are 
<  s  very  numerous  and  scattered  thi\>ugh  the  brain  substance, 
aneurism  is  seen  t>ecasionally  on  the  vessels  at  the  base  of 
the  brain. 

As  in  other  localities^  the  l>lood  sooii  begins  to  be  absorbed^  and 
the  process  of  repair  sets  in.  The  seium  is  first  of  all  removed  from 
the  riot,  and  the  surrounding  tissues  become  stained  ivith  it  while  this 
Lie  going  on.  The  broken-down  tissues  mixed  with  the  remains  of  the 
►  now  constitute  a  brown  chocolate-like  mass,  which  is  more  or  less 
ftpsuJed.  The  wall  of  the  capsule  becomes  hbruus  later  on,  and  the 
remains  of  the  blood  are  entirely  got  rid  of,  with  the  exception 
cif  quantities  of  hferaatoidin  either  in  a  crystalline  or  gi^anular  form. 
This  pigment  gives  to  the  interior  of  these  c^ivities  an  orange-yellow 
colour,  which  is  |mrticularly  diagnostic.  The  cavity  becomes  filkni 
I  with  more  or  less  serum-like  tluitl  as  the  lilood  mass  is  removed. 
Btiraes  these  cystic  cavities  continue  for  the  remainder  of  the 
ent's  life;  at  other  times  the  vacuity  cicatrises  and  contracts. 
The  reparative  process,  ending  in  the  formation  of  the  cyst- like 
•tructure,  ujmally  sets  in  about  the  end  of  the  first  week  :  the  cyst 
i-^  circumscribed  by  about  the  twentieth  day  ;  and  the  lining  mem- 
bnme  is  thoroughly  organiseii  by  from  the  thbtieth  to  the  fortieth 
[day. 


flAtly  t4i  the  corelirnl  siirfaciv  The  wall,  in  typical  CAHes,  ifl 
an  thin  lu^  the  arachnoitl  itself,  iin*l  forniH  either  a  single  sac  or  < 
which  is  im|»c*rfectly  ninltilcK^uljin  The  cyst  i^*  l<x)«ely  adherent  to  the 
intet'ior  of  the  ilmii  inatiu*  auti  to  the  arachnoid,  hut  the  aclhesiotu 
ire  mich  aa  to  allow  of  iu  being  reufiily  Bti-ipjK-d  otf.  Blood-v 
ptat  from  the  <liir-a  mater  int^j  th^>!*e  of  the  cvfit-wall,  and  iir  showing 
tlie  continuity  of  their  channel^  blocKl  can  l)c  squeezed  with  the  ting<cr 
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'from  the  one  into  the  other.  The  meml^nmoua  s^ic,  when  snialJ,  lies 
along  the  middle  meniugeiil  aitery,  whose  channel  k  often  wide. 
Smi&lJ  deposits  of  h'me  siilti?  are  occasionally  found  in  the  wull. 

The  contents,  jis  a  role,  are  thick  hrown-colnured  liquid  containing 
numerous  cells,  of  round,  oval,  or  spindle  shitpe,  uften  arranged    in 
^groups,  with,  in  recent  cases,  the  remains  of  blutMleorimscles.       The 
nuclei  of  these  cells  are  prominent ;  they  are  often  from  two  to  four  in 
number.       The    contents   have    been    found   by  Ornierod   {No.    192, 
xxxAiii*  1887,  p.  13)  to  he  gelatinous  at   one  part,   ha^morrhagic  at 
[lotber.      In  many  cases  the  dura  is  rjuite  unchanged,  but,  rarely,  the 
Fst  is  continuously  adherent  to  its  internal  suiiace.      In  such  case^  it 
Ijs  of  irregular  form,  while  its  wall  is  thicker  and  coarser  in  texture  and 
laminated.     The  brain  presents  a  tiaucer-like  depression  where  the 
hsLR  pressed  upon  it,  which  does  not  vanish  on  removal  of  the 
nn  fi'om  the  skull     The  brain  otherwise  may  appear  to  be  hejilthy. 
The  diseiiise  is  of  very  conmion  occurrence  in  asylums  for  the  insane, 
which  probably  the  siibjccta  of  the  disease  gravitate,  on  accoiuit  of 
b€  t^^^mptoms  from  which  they  suffer.     It  has  been  found  ofteiier  in 
Otnrral  JPamiifm  of  the  In.'-idfir  than  in  H,ny  other  variety  of  menial  ail- 
nirnt*     Indeed,  Wiglesworth  says  it  is  commoner  in  General  Paralysis 
r  ihe  Inmne  than  in  all  other  forms  of  insiudty  put  together.     Out  of 
U^iir   hundred  unscloctetl  autopsies  in  liaiuhill  Asylum  he  found  forty- 
two,  or  10*5  per  cent,  in  which  the  subdural  space  contained   blood, 
nietnbninei  or  both. 

1*    t^  a  disease  mostly  of  adult  life,  Imt  may  present  itself   in 
Wiglesworth  found  the  average  age  in  Asylum  patients  to 
0*:  -M  «i7  yeius. 

The  symptoms  vary  so  ranch  and  come  on,  as  a  rule,  so  insidi- 
'lere  are  few  features  whereby  the  jiresenee  of  the  cyst  can 
t  *L     8t4?w:irt  found  tjtmbir  ttptir  nrunfis  even  when   the  sac 

€0?er^  the  left  hemisphere  only. 

Nature  of  the  Disease.  ^ — Every  one  admits  that  haemorrhage 
plays  an  imjiortiint  iMc   in   the  disease,  but  where  the  blootl  comes 
^fixmi*  and  whether  the  hiemonhage  is  primary  or  is  secondary  to  a 
[  pichymemngitis,  have  long  been  disputed  points. 

Thtw  Virchow  Atid  Heaohl  (No,  119,  vii.  1866)  were  of  opinioji  that  the  liwmor- 
18  Miooiidary  to  tlie  formation  of  membranes  ;   that,  in   fact,  the  dii»ciiiie  is 

tttinlly  31  hmimrrJuntjic  jKichyifitningiiis. 

k  (No,  13,  xlii,  1868|  p,  12R)j  o,^  a  re.*^iilt  of  exttioaiTe  obeervation,  took 

ihff  '  I    the  mpttibranes  may  be  formed  liffore  or  after  tho  hjcmorrhage,  but 

thftt  in  mil  cnses  thvy  Rr«»  of  inHammatory  on|;;in. 

Clouston  (No.  544)  and  Wiglesworth  (No.  526,  Jan,  1888,  ahu 
Reprint),  on  the  other  hand,  both  disc^u  d  the  idea  of  the  condition 
being  primarily  o!  an  inflaminatory  nature,  Wiglesworth  hohhs  that 
the  diimse  commences  as  a  haemorrhage,  and  tbut  the  blood  becomes 
and  converted  into  membranes. 
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With  ihw  x'iow  the  aiitlior  coincide^  mthout  denying  llml  a 
hsBniorrhage  may  roetdt  from  a  pachymeniugiti^  and  diftiisa  iuelf  m 
the  subdiiral  space.  In  a  cadc  which  lately  came  under  his  notice  he 
VTB*  enabled  to  trace  the  very  commencement  of  the  disease.  A  thin 
film  of  h\tnn\  with  sharply-<le*iried  Iw^rder*  lay  over  an  entire  cerebral 
hemis]jhcru  in  the  sub<liu'jd  spuee.  The  blfxxl  was  firmly  cmignlate^i^ 
m  that  it  cimld  Ik?  fitrip|»ed  off  in  a  continuous  layer.  There  was  no 
traumatism  to  account  fur  it,  nor  coidd  the  source  of  the  htemorrhage 
be  detected.  It  hxikcd  or  if  the  blood  had  oozed  out  ii*om  a 
neighl»ouring  vein.  The  Ulooii  is  evidently  not  alfc^orWd,  but  in  coutue 
of  time  becomes  cnciipsulod  with  fibrous  tissue.  The  membranes  in 
this  rjii*e  apiw'JirtHi  !<»  Iwi  cjuit^j  hi^althy. 

In  the  Cord. — Simihir  membranes  are  occasionally  present  in  the 
spinal  canal.  They  are  genei-ally  less  ha^morrhagic  and  more  fibrinous 
than  thojii?  within  the  »knll  (see  W'iglesworth  and  Smith,  No.  6,  1889, 
iL  pp.  GM,  G45), 

Literuhat  an  Hmmatama  if  l>Hra  J/tf/rr.— Defcum  and  Morej :  Uiiiv.  M. 
M«g..  riiiU.,  18S9  9Q,  iL  y  509.  Discussion  on  Fibrinous  Meinbrmnes  wttfain 
Sp.  Canal  in  Gen.  Paralysis:  Hrit.  yud.  Joutn..  1S84*,  ii.  [k  (Ul.  Dixon:  N.  Y. 
Mini,  Kcc.,  ^xvi.  ISHi,  |»,  (}70.  Kf emiansky :  Ardu  f.  |^ih.  Au&l,  xtiL 
1868«  |i.  12^.  Goodall:  Joiim.  lUnt.  Sc.,  xxxviii.  189*A  p.  avT.  Ogle 
(Fomtfttioii  of  F)&|mi  MiMiilini.n«sft) :  Arch.  MecL  Loud.,  L  ldf»7>/i9,  |i,  2*0:  it  1860^  , 
61,  p.  85,  Onnerod :  Tmnm  PaiIi.  Soc.  Load.,  ixjtnii,  1887,  p.  18.  Sainsbuiir 
(Hisinstoma  of  Ihirn  Maut)  :  TranR.  P»th.  Soc.  Lcnid..  xxxviii.  1887,  p.  l£ 
Schuberg:  :  Arvh.  f.  \<iHh.  Anat..  xi-i  1859,  n.  i64  ;  find,,  xx.  I8(tl,  p.  :<01. 
Turner:   IVanH.  VmU.  8»h-.  Lou.i.,  xxxvi.  1884-85»  pw  1<).     Virchow :  Verliiinin.  d. 
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»'iitv,  vil  1856.  Wiflesworth  {Vrirje  Em^)i 
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Encephalic  Embolism. 

913.  The  general  features  of  cerebral  eniholism  have  alrcmljr  been 

Smti  in  »Section  600.     It  now  remainB  to  desctibc  those  in  further 
etail. 

Nature  of  Embolus. — It  is  usuiilly  a  vcgeUitiofi  or  ch>t  detnehed 
from  the  heart,  or,  it  nniy  Im,  a  calcareous  scale  from  flu*  aorta.  The 
middle  cerehml,  from  its  immediate  connection  with  the  intcrniU 
GMtittd,  is  the  vessel  in  which  it  mo«t  often  cateheH,  but  it  may  lie 
found  occasiooallj  in  the  other  primary  branch es  of  the  circle  of  Willis. 
The  effect  produced  de|)ends  accordingly  upjii  the  distribution  of  the 
respective  vessels.  The  left  middle  cerebral  b  oftener  emlx>lic  tlian 
the  right,  owing,  it  is  f^iid,  to  the  left  carotid  coining  off  more  directly 
from  the  aorta  than  the  right. 

Site  and  EfiTect  on  Vessel.— The  embolus  uRually  cjttchcs  in 
the  niiciille  cerebral  either  before  or  nhorlly  aft^r  it  diverges  into  the 
Sylvian  f(i»sa ;  the  exact  point  correajionds  to  the  bulk  of  the  foreign 
body.  It  becomes  firmly  impacte*!  within  the  artery,  and  by  subee* 
queiit  dotting  of  the  blood  around  it  the  occlusion  of  the  vessel  is 
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rendered    complete.       The    thrombus   thus   precipitated    round    the 

emholus  may  extend  for  some  difitance  at  the  distal  end.     L4i.ter  on, 

lK>th  the  thrombus  and  embolus  arc  absorbed,  and  piii  /mis^u  with  their 

rcmov-al  the  inner  coat  thickens  and  encroaches  uimn  the  lumen  of  the 

I  vessel  to  such  an  extent  that  in  course  of   time  a  complete  occlusion 

If ol lows.      When  once  ihornughly  plugged,  the  artery  never  seems  to 

Iregain  its  iiatency.      The  appearance  presented  by  an  artery  a  few 

months  after  having  been  the  subject  of  embolic  imjiiict  is  practically 

identical  with  that  of  a  vessel  the  suliject  of  arteriitis  obliterans;  the 

icoiidition  is  sometimes  mistaken  for  syphilitic. 

Effect  on  Brain*— It  is  generally  recognised  that,  after  impac- 
[ tion,  the  part  supplied  by  the  occluded  vessel  becomes yw?//^  nmhitumtk. 
[The  cause  of  this  probably  is  that  the  m  a  fenjo  of  the  circulating  blood 
is  for  the  time  being  ^vithdrawn.  Shouhl  the  affected  area  be  irrigated 
by  veaaels  which  aiu^stomose  with  those  around,  the  blood  probably 
remroft  ahortly  after  the  natural  supply  is  withdniwfi.  If,  however,  it 
1  tin  versed  by  vessels  which  are  terminal^  as  in  the  cuse  of  the  basal 
[ja  and  inner  capsule,  the  blood  remaining  in  the  vessels  may 
be  pressed  out  by  the  collateral  distension  which  occurs  in  arteries 
stiH  pervious.  Gcigel  (No,  13,  cxxi.  1890,  p,  432)  considers  that 
the  anaemia  thus  induced  is  the  cause  of  the  emMic  nhock,  the  more  or 
lew  complete  loss  of  consciousness,  and  the  other  signs  of  disturbance 
|lrf  nutrition. 

A  coagidative  necrosis  usually  sets  m  within  a  day  or  two.     The 
TveMels  in  the  vicinity  of  the  resulting  infarction  are  engorged  w^ith 
f  Vlood^  and  should  there  bo  an  attempt  at  anastomotic  restoration  of  the 
interrupted  blood-current,  the  anaemic  capillaries  may  give  way  when  the 
blood  returns  to  them,  and  punctiform  h^Tmorrhages  follow  thereupon. 
Blood-colouring  matter  oozes  out  from  these  and  other  sources  and 
riUuDfi  the  erabolised  area,  with  the  effect  that  it  assumes  a  pink  or 
[rusty  colour.    Fatty  degeneration  sets  in  before  long^  so  that  the  infarct 
l»ecom^  soft.     The  term  red  ^^ffeuiuij  used  to  lie  applie*!  to  the  con- 
dition of  the  implicated  jwrtion  of  brain  substance. 

The  blood-colouring  matter  being  in  course  of  time  absorbed  or 
[  decomposed  into  htematoidin,  the  infarct  assumes  a  yellow  coloiu"  and 
gire*t   rise   to  an    appearance  formerly  described    as   tftUtm  softmvi^, 
AVithin  it  are  found  multitudes  of  compound  granular  coqmscles. 

Ab:»frpti(yu  follows  next,  and  as  it  progresses,  the  affected  area, 
which  previously  was  somewhat  protuberant,  now  sinks  bel<«w  the  level 
of  the  surface.  If  situated  on  the  convexity  of  a  hennsphere  the  pia- 
tmcluioid  is  drawn  inwards  ami  fonns  a  species  of  cicatrix.  A  j^^m- 
aphahus  condiiiou  (see  p.  581)  sometimes  results  from  the  connections 
which  this  membrane  forms  ^rith  neigh  bombing  parts. 

Thf  ammnt  of  dtslntrfifm  eftected  by  a  cerebral  embolus  depends 

upon  the  distribution  of  the  affecte<l  vessel  and  the  fact  of  its  being 

*  terminal   or  not      As  before   explained,   the    su|)erficial   or   cortical 

branches  of  the  cerebrum  have  a  pretty  free  anastomosis ;  while  the 
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deep  or  perforating  branches,  those  passing  up  to  the  basal  ganglia, 
are  completely  terminal.  It  often  happens  that,  notwithstanding  the 
anastomosis  of  its  vessels,  the  cortex  gives  way  and  dies ;  while,  on 
the  other  hand,  in  some  instances  of  embolic  occlusion  of  the  middle 
cerebral  at  or  near  its  origin,  important  as  that  vessel  is  for  the 
supply  of  the  cortex,  the  gray  matter  maintains  its  vitality,  while  the 
deeper  parts  supplied  by  its  perforating  branches  suffer  more  or  less 
complete  absorption. 

Areas  of  Distribution  of  Encephalic  Blood-Vessels.— The  following,  taken 
from  Duret  (No.  4,  1874,  i.  p.  60),  will  serve  as  a  guide  to  the  area  of  distribution 
of  the  different  branches  of  the  cirole  of  Willis,  and,  accordingly,  to  the  amount  of 
destruction  that  may  be  oxpecte<l  to  follow  their  occlusion  : — 


I.— Anterior  Communicating^. 

(a)  Small  branchen  to  the  gray  lamina  of  the  optic  chiasma. 

(b)  Anterioles  which  {lenetrate  the  beak  of  the  corpus  callosum. 

(c)  Very  often  deep  branches  which  supply  the  olfactory  trigone,  anterior  com- 

missure, and  septum  lucidum. 


II.— Anterior  Cerebral. 
(Within  the  circle  of  Willis.) 

(a)  Internal  arteries  of  the  optic  nerve  on  the  corresponding  side. 

(6)  External  arteries  to  neighbouring  convolutions  and  to  beak  of  corpus 
callosuiii. 

(r)  Arteries  to  caudate  nucleus  (not  constant).  They  plunge  deeply  into  the 
cerebral  substance  internal  to  the  olfactory  tract,  and  |)enetrating  the 
corpus  callosum  below,  divide  into  five  or  six  branches,  which  are  supplied 
to  the  anterior  two  centimetres  of  the  caudate  nucleus. 

(Outside  the  circle  of  Willis.) 

(//)  PasMes  up  the  great  longitudinal  fissure  ami  divides  into  three  terminal 
bnuicht's  distributed  to  the  parts  on  the  side  of  the  fissure,  namely,  i»art  of 
the  third  frontal  convolution,  the  gyms  rectus  antl  olfactory  trigone  out 
to  the  Hulfus  orbitalis,  the  gyrus  fornicatus,  corpus  callosum  and  internal 
face  of  the  first  frontal  and  the  i>aracentral  lobule,  and  ends  at  the  superior 
parietal  lobule. 

III.— Internal  Carotid. 

f't)  Small  branches  to  the  chiasma  externally. 

(h)  Sometimes  one  or  two  small  twigs  to  the  anterior  jwrforated  space  for  the 
supply  of  the  head  of  the  caudate  nucleus. 

(r)  Anterior  choroideal  artery  which,  [laasing  backwanls,  accompanies  the  optic 
tract  and  enters  the  choroid  plexus  through  the  cornu  Ammonis.  It  givea 
branches  to  the  optic  tract,  cerebral  peduncle,  and  unciform  gyrus. 
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IV.— Posterior  Communicatinsf. 

(a)  Branches  to  posterior  part  of  optic  chiasma. 

(b)  Branches  to  tuber  cinereum  and  pituitary  body. 

(c)  The  arteries  of  the  mammillary  bodies, 
(rf)  Often  two  branches  to  the  optic  thalamus. 


v.— Posterior  Cerebral. 

(a)  Branches  to  poDS  Varolii  given  off  at  the  bifurcation  of  the  basilar. 
(6)  Three  or  four  small  arteries  for  the  inner  aspect  of  the  crura  cerebri. 
{e)  Small  branches  which  enter  the  posterior  perforated  space,  and  ascending 
supply  the  optic  thalamus. 

(d)  Almost  all  the  arteries  of  the  ventricular  walls. 

(e)  Branches  to  the  gyrus  angularis,  and  lower  aspect  of  temporo-sphenoidal  lobe 

aud  the  occipital  lobe. 
(/)  Branches  to  the  following  more  or  less  internal  parts :    Optic   thalamus 

(posteriorly),  cerebral  peduncles,  corpora  quadrigemiua,  corpora  geniculata, 

choroid  plexus  (posteriorly),  cornu  Ammonis. 
{g)  Interpeduncular  perforating  branches.    They  pass  into  the  posterior  perforated 

space,  and  ascending  supply  blood  to  the  locus  niger. 


VI.— Middle  Cerebral. 

(a)  Perforating  branches  which  asceud  to  the  basal  ganglia.  They  are  divided 
into  two  sets — external  and  internal. 

The  external  is  the  larger,  and  its  branches  ramify  in  the  outer  segment  of  the 
lenticular  nucleus.  Among  them  is  a  particularly  large  group,  the 
lerUiculO'Striate^  comprising  four  or  five  branches  which  pass  backwards. 
Farther  back  there  is  another  group  distributed  to  the  posterior  extremity 
of  the  lenticular  nucleus,  and  known  as  the  lenticulo-optic. 

The  internal  ramify  within  the  inner  and  middle  segments  of  the  lenticular 
nucleus. 

(6)  Branches  to  the  claustrum  which  perforate  the  island  of  Reil.  The  claustrum 
is  nourished  by  these  vessels  alone,  and  is  detached,  as  regards  its  circula- 
tion, from  the  rest  of  the  basal  ganglia. 

{e)  Small  branches  to  the  nucleus  amygdalaris. 

The  Syhrian  artery  or  continuation  of  the  middle  cerebral  divides  into  four 
bnnchea.  The  fint  goes  to  the  third  frontal  convolution  ;  the  second  to  the  second 
frontal ;  the  third  to  the  ascending  frontal  and  ascending  parietal,  and  often  to 
a  part  of  the  superior  parietal  lobule ;  and  t?ie  fourth,  which  is  more  voluminous, 
mpplies  the  inferior  parietal  lobule,  but  does  not  pass  the  interparietal  fissure,  and 
the  first  temporal  convolution. 

The  Supply  of  the  Cerebral  Cortex. — There  are  two  sets  of  arteries,  one  long 
•et  passing  through  the  gray  matter  into  the  white,  another  ramifying  exclusively 
ia  the  gray  matter.  The  former  is  known  as  the  medullary  set,  the  latter  as  the 
florticaL  The  cortical  network  has  the  following  distribution.  Quite  on  the  surface 
there  exists  a  quadrangular  capillary  mesh-work.  The  meshes  are  large  and  lie 
ptndlel  with  the  surface.  The  subjacent  two  millimetres  are  filled  with  fine  poly- 
gonal capillary  meshes,  which  correspond  with  the  large  cortical  cells.  The  deepest 
aillimetre  of  the  cortex  contains  wider  meshes. 

VOL.  II  2  R 


Wiu,  4!N,— Tuft  BttVLL  Lam  omtM  to  iinow  rm  PmrnotiOoniALTciroitmaniT  or  thr  c>iKimt.r 

(vltir  t<4cff)i 

mpiTt  V^O  uU^kUf,,  and  (PjO  lowMit   fruiiUl  eouvolutluii ;  {JO  •n^rkit  uid  (/^  Infufliif  irotiliilj 
«Qlil*  ij^  mletu  ittveeotimlb ;  (P^)  «iii)>e]lur,  {V^)  Infrrtur  jtui«tot  lu(ml«.  with  nif.  P^  |«>iiiUiHK  t 
ifjmit  tuiii*  fiAfvit>*U« :  (P)')  inmu  iingii1«rl« ,  (ip)  mu\etm  InterfwItlillA ;  {^-m}  rw]  %tt  taXkm 

mBpaoNvplinoMftl  eoovoliitlom ;  (fi.  <$)  ilrrt  tttft  in(«ni4  l«mt>or9-«plMiiiH4lttl  ««ki ;  (Ki»  K^  K^  ' 
1 1  lUit  t^  IB  ll»«^  lunUlokUJ  BUttirv  ;  (M)  iJt  Ikf  iqoiliuail  fligia 


irom  ••ell  of  Uiratt  iffliUc  tli«  iMudUr  a1«o  glrci  off  an  tutctior  oen^lielUr  lyniick 
front,  Um  buiUr  breaki  up  into  the  two  suiMrior  crrcbcllar  mud  the  two  (lostciigrl 
ciirilifml  ACtcriot,  with  the  third  nvrve  betwecu  them*     It  b  T*ry  mrvly  thttt  ftnf  I 
of  tlMaa  mm  oodmiUNi  bjr  sn  embolus     Thuy  often  enough  suifer  from  fyiihilJttt 
obLltenttoa, 
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Cranial  Topography. 

914.  It  would  be  out  of  place  in  a  work  on  Pathology  to  discuss 
the  various  systems  that  have  been  adopted  for  localising  the  position 
of  the  convolutions,  fissures,  etc.,  on  the  cranial  vault.  The  reader  is 
referred  for  detailed  information  on  this  subject  to  the  works  of 
Turner  (No.  5,  viii.  1874,  pp.  142  and  359),  Lucas-Championniere 
(No.  545),  Hare  (No.  5,  xviii.  1884,  p.  174),  and  Reid  (59,  1884, 
ii  p.  539). 


Fio.  425. — Chanio-Cerebral  Guidikq  Lines,  traced  i  i-on  a  Cast  ok  Profkssor 
Cumninoham'8  (from  a  photogi-aith). 

(OP)  OUbellar  point,  glabella  oppoKite  superior  bonier  of  orbit;  (IP)  initial  i)oint,  at  external 
occipital  protuberance:  (M8P) 'mid-sagittal  iK>int,  midway  between  GP  and  IP;  (Ang.P)  angular 
point,  external  angular  process  opposite  upper  border  of  orbit ;  (Sq.P)  squamosal  point,  intersection 
of  sqnamonl  and  frontal  lines  at  Junction  of  middle  and  lower  thirds  of  latter;  (PP)  parietal  point, 
tennination  of  squamosal  line,  equidistant  with  FU^  from  squamosal  ]K)int;  (Aur.P)  pre-auricular 
point,  depression  in  front  of  tragus,  at  level  of  upi»er  border  of  external  auditory  meatus ;  (FS^) 
"commencement"  of  fissure  of  Sylvius,  ^^  of  distance  from  Ang.P  to  Sti.P;  (FS-O  bifurcation  of 
tsaxat  of  Sylvius,  ,\  of  distance  from  Ang.P  to  Sq.P;  (FS3)  t-ermination  of  tlssuru  of  Sylvius, 
\  an  Inch  above  PP,  in  a  direction  parallel  to  frontal  line ;  (FRi)  upper  extremity  of  tlssure  of 
Bolando  caxried  to  sagittal  line  in  direction  of  Assure,  §  of  an  inch  behind  mid-sagittal  i>oint ; 
(FRS)  lower  extremity  of  fissure  of  Rolando  carried  to  squamoiial  line  in  direction  of  fissiure,  §  of 
n  inch  in  front  of  squamosal  point ;  (PC)  external  parieto-occipital  fl.ssure,  carried  to  sagittal  line 
ia  diraetkm  of  fissure,  ^  of  distance  from  MSP  to  IP.    (Aiulerson  and  Makins.) 


The  sutores  of  the  skull  are  not  of  Bufticiently  fixed  position  to  enable  them  to  be 
atiliMd  as  guides  to  the  minor  subdivisions  of  the  cortex.  Anderson  and  Makins 
(No.  5,  xziii  1889,  p.  455),  after  a  very  careful  inquiry  into  the  matter,  found,  for 
ioftance,  that  the  summit  of  the  x>ai'letal  eminence  has  a  range  of  variation  in 
position  half  an  inch  in  the  vertical  and  an  inch  in  the  horizontal  direction,  after 
oonection  had  been  made  for  the  varying  dimensions  of  skulls  ;  the  distance  of  the 
bngma  from  the  glabella  has  a  corrected  range  of  variation  of  a  little  over  half  an 
iach ;  the  distance  of  the  apex  of  the  lambdoid  suture  from  the  external  occipital 
protaberance  Taries  to  the  extent  of  seven-eighths  of  an  inch  ;  while  the  positions  of 
th«  ■qoaoiotiB  suture,  the  temporal  ridge,  and  the  spheno-parietal  suture  are  equally 
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tiDcertaiu.     Tlte  position  and  form  of  the  sulci  and  coiivolutionn  even  rtry  cm  Iht 
two  Mdt-s  of  the  liody, 

T\}e  eminences  moat  easily  defin^sd  through  tho  scalp  ir©  the  glabelU,  the 
CTtenial  aogukr  process,  and  the  p\ti'rntl  occipital  [»rotubrrance  ;  and  altboagh 
thfl«e,  like  the  reat,  are  tnhjert  to  trregnUrities  of  {tositioii,  yL*t  the  viinAtions  arv 
too  small  to  interfere  seriously  with  their  v&Ine  as  surgical  Undmarka.  StArtinj;; 
with  these  as  fixnl  iiointa^  the  above  authors  havo  devtft<?d  certain  ** guiding  lines" 
as  aidn  to  localisfitioii.  These  arot  firstly,  tlu^  Sag^itta)  Line,  extomliug  metiaUy 
from  the  glattclla  at  a  i>oiDt  midway  Letwccn  the  high^t  potntn  of  tho  siitint-orbitAl 
ifchra  to  the  extcmat  oc'ci)>ittil  prottileranee  ;  weondiy,  tlu'  Frontal  line,  running 
from  th€  mid'i^toint  of  the  oagittal  line  to  the  depression  imniedistely  in  front  of  the 
tniguti,  at  the  level  of  the  upper  border  of  the  meatus  ;  thirdly,  th«  Squamosal  line, 
paiiing  from  tha  most  prominent  jioint  of  the  extenxal  angnlar  process,  at  the  level 
of  tlia  auparior  bonier  of  the  orbit  to  the  junction  of  the  middle  and  lower  thirds  of 
the  frontal  line,  and  prolonged  for  about  an  inch  and  a  half  behind  this^    The 
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Wm*  4IIL— Ovfuat  Taaooi  moM  a  PitfrmuaAra  or  a  CiJirr  or  Vmsarmmom  trrtmntmuM*% 
{ftir  rer«fvae««,  •««  rif,  4tA,) 


poiBta  e9rT«k|wjnding  to  their  tstretnitiea  they  deaignatcr  <jlah<llar,  mMf-ao^oi,  in 
prt-tMurieniar^  an^lar,  gjnammai,  and  parietal  (tee  Fig«  425). 

(I)  The  vpptT  fjctrrmity  of  llio  fissure  of  Rolando  was  found  to  lie  in  all  caaea 
betwem  tlic  nddaagilt*!  |»cdnt  and  a  point  three-quarters  of  an  inch  behind  it,j 
The  centre  of  the  trtrphine,  they  say*  should  lie  three-eighths  of  an  inch  behind  1 
mid-nagittal  point. 

{U)  Tho  lancer  txirtmUy  of  tha  aulcus  is  located  in  the  squamoaal  line  betw« 
the  junction  of  this  line  with  the  frontal  line  (aquamoaal  [lotnt)  and  tbrtt^-fourths  < 
an  inch  in  front  of  this,     Tlie  centre  of  the  trephine  may  be  applie<l  threteighths 
an  inch  in  front  of  the  aqoamosa)  \mtiU 

(S)  The  coninieucemvnt  of  the  llssnre  of  Sylvius,  being  a  somewhat  indaAnitt' 
locality,  cannot  ba  localised  with  much  exact itnde,  but  will  nsually  be  hit  at  a  point 
from   li   tA  2  tnchea  behind   the   external   angular  process.     The  rourav  of  the 
horixontal  limb  of  the  ^nre  eorn'ii{>orHlii  cloaely  to  the  squsmonal  ltne» 

(4)  Tba  external  |tarie to-occipital  tl«aura  join*  the  great  longitudinal  fi^nta  at  a 
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point  AveragiDg  /f  of  the  dlstanco  meaamred  from  the  mid -sagittal  point  to  the 
extc^nuil  iJCfipital  protuberance,  niid  lies  near  to  tlie  apex  of  tlie  lambdokl  aiiture. 

The  loagitudinal  mxns,^  it  sliouM  be  rcmembored,  freq^iiently  deviates  towards  the 
right  §ido  in  tbe  posterior  lidlf  of  its  course. 


Fio.  4jr,— LttT  SiinE  or  Tiir  Human  Braiw,  paiitly  Dt^oRAMMATic  (after  Ecker). 

(I>  fcuiibU  liilw;  (P>  pitriBlAl  iobe  j  (O)  oc^ipltnl  lobe;  (T)  teiriporo^tiplieiioid&l  lob<»:  (S>  Iksttro 
cfflfivtiMi;  (K  I  1  '   I  ;  0'^)  Mceiiding  mniiisi;  of  8;  (c)  siukoti  rputralis,  or  n»iurc  of  BolaiKlo* 

lA) •tCHintflnir  t  (B)HKCentlfng  [larietAl  cmvolulion  ;  (Ki)  nnr»erii>rj  (P.^)  iitfdtLlf,  tmd  (F^t) 

taiatur  IJr»bLi'  nt ;  (/i)  ♦oppriur,  ani.l  </a)  tnfoiior  frontAl  ttssurvs ;  (/g)  hii1ciii»  prasceu- 

tiilli^  (P|>  «m|j«!nor  |«rietal  lobule  ;  (f^)  inferior  pniieiAl  lobtile,  eoiiai^llti^  of  (PV)  Hii[ii%-iiu.rgiiiftl 
tfrMik,  ftiid  (Pj)  ftugnlAr  gynu :  (/;>)  nulciis  Inti^rpaHeiAlls ;  (^mi)  tcmiiiiatii»i]  of  cnlloHo-nmrgiim] 
twoo;  (0i)  ftnt,  (Oj)  »wwnd,  (Oj)  thinl  occipital  onvoJution* ;  (|k>)  paricto-occlpltftl  n«sur«^  (oj) 
Hmtuw  ooel^t4l  Awarp;  (f>j)  inferior  loii^MtiuHml  uo^fpitii]  nsmire;  (T)>  llrst,  (T:>)  Meoood.  (T3) 
tfetal  lawpOCi^^fthtfliQidiii  con  vol  »it  Ml  1 4  ;  (iT])  rtr«t,  Cj^)  JteeoTrd  ti>rn|)on>.'(plienu1dAl  sulci. 


LSSIONS    OF   THK   CEIIKBEAL   C«jRTEX, 

The  Comvlutvytu, 

^15.  The  accomjKiiiyiiig  schemes  (Figs.  427  and  4t38)  mil  probably 
bl  ittflieicnt  to  remind  the  ruador  of  the  {wsition  uiitl  nomenclature  of 
the  various  fiesiii^es  and  convolutions  on  the  siirfjice  of  tho  corebnim. 
The  nomenclature  is  that  usually  adopted  in  this  country t  and  is 
fuunde^l  chiefly  on  the  works  of  Gnitiolct,  Owcn^  Tui'uer,  Ecker,  etc. 
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Between  this   lino   antl  that  of  the   pre -cent  rid  sulcus  continued 

upwards  to  the  longitudinal  fissure  there  is  a  region  or  area  (Fig.  430, 

A2)  stimulation  of  which    causes  opening   of   the  eyes,  dilatation   of 

lie  pupils,  and  movements  of  the  beiul  an*l  eyes  to  the  opposite  sidi\ 

eevor  and  Horsley  further  diflerentiate  this  iirea  an  shown  in  Fig, 

^433.     This  centre  is  found  in  the  dog,  hut  does  not  seem  to  exist  in 

the  cat  ur  rabbit.     It  is  questionalile  whether  it  prevails  in  Man. 


Ho 
PL 


v« 
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Tm.  l^.^ViEW  or  tite  Mk^iai.  Ahpiut  ur  the  Bhais  (motURi'il  Itum  liictiel). 

(FL)  ff*ii»tAl  lobe;  (PL)  nnrJetal  lobe;  (OL)  wtipiUl  1<jIh«  ;  ((.'L)  cerebelluiii ;  (CC)  c*nTriJi* 
aDoMun;  (P)  p(mit;(MO)  tiiedtdla  oblougnU ;  (MG,  MCI,  MO)  nmrRina)  gyniH;  (sbM)  aulciw 
•ttoKKiittfglfkslfi ;  (FC)  Hmum  enleariiui;  (C)  rnm'U»;  (PC)  prCLMineus  ;  (QF)  gyms  fomlcatiiB: 


The  upper  extremities  of  the  ascending  frontal  and  ascending 
puietal  convolutions,  the  postero-parietal  lobule,  and  the  neighbouring 
part  of  the  surface  extending  over  the  margin  of  the  hemisphere  into 
the  posterior  part  of  the  marginal  convolution  or  jmra-ccntral  lobule 
(Pig.  430,  1,  2;  and  Figs.  431  and  432,  **Leg")i8  a  centre  for  movements 
of  the  lower  extremity,  iiehiiui  the  fissure  of  Kolando  the  movements 
are  miiitily  of  the  foot  or  toes.  Anterior  to  the  fissure  of  Kolando  they 
ire  combined  with  ftexion  of  the  leg  and  thigh.     The  great  toe  can  be 
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excit<3<l  to  flexion  separately  from  the  otljera  by  stimtilatiou  of  the 
region  of  t!ie  U|>j»er  extreniity  of  the  figure  of  Kolaiido, 

Below  the  leg  ureji  and  j>artly  m  front  of  it,  iintl  i^ccupying  the 
niiildlo  third,  or  i-ather  two-fourths  uf  the  eetrtnil  coiivolutioiig  (Fig. 
430,  5,  4,  5»  G,  and  <?,  h,  f,  // ;  and  Flj^.  431,  *'  Arm  '*),  is  a  centre  for  the 
movement*  of  the  npjwr  extremity.  The  thumb  may  be  individuAlly 
tjirown  into  action  by  stimulation  of  the  ascending  parietal  convolution 
at  the  lower  extremity  of  the  intra  parietal  fissure. 

Occupying  the  lower  third  of  the  central  convolutions,  and  con»e- 
cjuently  lying  below  the  arm  arexi,  ia  a  region  stinudation  i»f  which 
gives  rise  to  movements  of  the  face,  mouth,  and  tongue.     Within  thi** 


Via.  430i«Vmw  ar  LsfT  Him  or  MoirKKT**  Huamx,  with  Mora*  AMUm  UAtaum 
(jilti^f  Frtrl^r). 

(I)  Thtoppottitmhiu*l  UtuU  U  ftihuircd  «■  lu  w«tkitiK;  Vi)  tiexUm  wiUi  uutwAitl  rotetioftof  iJm 
tlil^,  fvitoUoii  innvtU  of  thn  \t^,  vrlUi  flriloti  of  tli«  tuea  ;  (3)  Uio  Ull  I  (4)  Uir  ufiposlU  mem  Is 
ftiUtQcted,  (PtUmdedt  witl  nrtnict*^!,  Uiir  hand  pruUitcil ;  (&)  cibetiftlon  fontftftU  «*r  tlie  ofipofllt*  ifn  i 
(<i,  b,  r,  d)  iifctivr4iu«i|ilji  uf  Ah]s«ni  ■utl  wrlit ;  (i$)  flcrloii  *ntt  »n)fhuitlon  of  the  foreanii ;  (7)  rateiHIan 
Add  el^vallwn  uf  Uiir  mtns\m  uf  lite  tuuutli ;  (i!!i)  cU'ViUuii  of  tlir  aU  of  tlie  |io»c  Hiiil  up|i^  11|»- 
(9«nil  10)  o|)ctaii)s  uf  lilt*  iiiuuUi  with  )»rf>truflkoii  (vjan^l  rctmrtioii  (I0>of  the*  tuiusup;  (II)  twine- 
tluu  uf  Anislr  uf  Uw  luuutU  ;  {l'J}ihr  ryr*  o^ieii  Wrjitlrty,  tUr  iMi|iU*  *Uktr.  ftfi<J  Itir  ficm*!  tiu)  «]'«« 
tom  to  Uie  appri»IW  viilo  ;  (IS  niiit  IS')  Uir  i^yra  iiiuve  tu  the*  opimiW  Ml»tc ;  (14)  |if1el(lti|t  uf  the 
fipfxM'te  ««r,  }i«*il  anil  ryv^»  tnrii  U)  tlir  u|f|Hi»a«  *Mp,  p4i|iib  dilate  nldfly. 


region  C4in  be  differeniiate*!  ccnti-es  for  the  uj^jn^r  facial  muscles  (Fig. 
430,  7,  H)  it)  frunt  of  and  for  the  platysnm  (H)  Indiirid  the  Hsfrure  of 
Kolando. 

Kniuiie  first  detnon^trated  photiatory  closure  of  the  larynx  in  the 
dog  on  )»timulation  of  the  pre  i*i^moid  region.  8cmon  and  Horsloy  (No* 
6,  1H89,  ii.  p,  13K3)  have  enlargtHl  ujwn  these  obHer%*^atione,  and  locate 
the  centre  in  the  monkey  a^  having  its  intensest  jmmue  just  [loisterior 
to  the  li>wer  end  of  the  [»re  centnd  i*ulcU8  in  the  anterior  half  of  the 
foot  of  the  aiicending  fnniUd  convolution  (see  Figw.  431  and  433).  It 
14  apiiarently  bilatenil  in  its  jiction.  The  movementH  of  the  cords 
elicited  by  stimulation  of  it  are  tho^e  of  adduction.  They  have  been 
unable  to  find  a  centre  in  the  cerebral  cortex  for  altduction  of  the 
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fto.  4SS< — ^IffoTOB  Cbxtkcs  OS  MfjiUL  Ai+pp'T  or  Ckrrbral  UKwtafHKiie  or  rmi  Monhev 
(after  Horsley  Aud  ^tiirtur). 
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backwards  causes  movements  of  the  spine,  tail,  and  pelvis  respectively  ; 
and,  still  farther  back,  extension  of  the  hip,  flexion  of  the  leg,  and 
movements  of  the  foot  and  toes.  These  movements,  however,  are  apt 
to  run  into  one  another. 

Stimulation  of  the  angular  gyrus  (Fig.  430,  13,  13')  induces  move- 
ments of  the  eyeballs  and  occasionally  of  the  head  to  the  opposite 
side,  generally  combined  with  an  upward  or  downward  excursion  of 
the  eyeballs,  according  as  the  electrodes  are  on  the  anterior  or 
posterior  limb  of  the  gyrus.  The  condition  of  the  pupils  is  not 
constant ;  sometimes  they  are  contracted. 

It  is  questionable  whether  excitation  of  the  occipital  lobe  gives 
rise  directly  to  any  motor  effects,  although  it  has  been  asserted  that 
such  is  the  case. 

Stimulation  of  the  first  temporal  gyms  (Fig.  430,  14)  causes  prick- 
ing of  the  opposite  ear,  opening  of  the  eyes,  dilatation  of  the  pupils, 
and  direction  of  the  head  and  eyes  to  the  opposite  side. 

Torsion  of  the  nostril  on  the  same  side  is  said  to  be  called  forth 
by  stimulation  of  the  hippocampal  lobule,  or  anterior  extremity  of  the 
hippocampal  gyrus. 

Ferrier  has  been  unable  to  obtain  any  constant  reactibn  from 
stimulation  of  the  rest  of  the  temporal  lobe  or  other  portions  of  the 
cortex. 

Cortical  Motor  Centres  in  the  Brain  of  Alan, 

918.  Coming  now  to  the  question  of  how  far  these  motor  centres 
of  the  monkey's  brain  are  represented  in  the  brain  of  Man,  it  is  found 
that  as  a  general  statement  the  motor  area  in  the  one  closely  corre- 
sponds to  that  in  the  other.  This  has  been  ascertained — (1)  by 
destructive  lesions  annihilating  the  function  of  the  parts;  (2)  by 
stimulating  lesions  such  as  tumours,  localised  tubercles,  etc.,  exciting 
the  parts  to  action ;  and  (3)  by  the  application  of  a  weak  continuous 
or  interrupted  current,  as  a  means  of  diagnostic  localisation,  to  parts  of 
the  motor  area  exposed  as  a  result  of  accident  or  after  a  trephine 
wound. 

Thus  it  may  be  concluded — 

(I.)  That  the  motor  area  in  Man  appears  to  lie  strictly  in  the 
neighbourhood  of  the  convolutions  surrounding  the  fissure  of 
Rolando. 

(IL)  Generally  speaking,  the  leg  centres  occupy  the  highest  part  of 
this,  the  arm  centres  the  middle,  and  the  facial  and  lingual  centres 
the  lower  or  opercular  part. 

(IIL)  The  centre  marked  "12"  (Fig.  430),  stimulation  of  which 
causes  opening  of  the  eyes,  dilatation  of  the  pupils,  and  movements  of 
the  head  and  eyes  to  the  opposite  side,  in  the  monkey,  appears  to  be 
absent  in  Man. 

The  leg  centre  in  Man  was  placed  by  Hallopeau  and  Girodeau  at 
the  upper  limit  of  the   ascending   parietal  and  in  the  para-central 


6i0 


THE  NERVOUS  SYSTEM 


Part  tv 


.^ 


® 


Flo.  iSfb-^-ttiuE  \  irw  or  ruK  Uonmc  or  mc  BruAiv  Bhaiiv, 

Th«  tgtttm  hive  b«Mi  conitructtMl  hy  marking  iiii  a  bitniatt  bnilu^  1u  their  reHpeftlre  ntfeiUitliMia, 
til*  moUtr  unat  Aatemiiitfd  ou  tlw  iiiaiiJii»f '•  Imiltu 

(1)  On  <i»  po<(rr9inrM«r  loht^-M^mmtt  of  Ilia  o^rfMMlt*  litnd  Itg  *•  la  wallUiie. 

(i,  S,  4)  fM  IV  •ppwr  rrtrrmUti  *jf  tiu  jlawM  qf  lEofHiMfQ.— Owi|itMI  lOOWnWfltii  of  the  c»ppo»Ht 
lif  i0d  AVn,  ftftd  of  tK«i  tnitik,  kJi  In  nwltuiiilng. 

(«*,  ^,  e,  tf)  Om  IA«  ojitmiuiimg  jmirUhtl  mmmlutioi^^lndlxiiUad  sAd  eonihrnni  iBOwiiwbte  ot  tha 
nngf^  «ih1  vri*t  of  tho  opfiMlf*  bana.    PnbMwlU  ncminji^nU. 

(6)  Oa  rA#  |ki4erior  Mfrmlly  ^  l&c  fM|vHkir  fr^Oal  mnwttutian.—tixUmmloa  Jbmsfd  of  fte 
apposite  »nn  «iul  htftit 

(49  fH  014  iffy«r  |Mff  </  lAr  luoriuflaif  JVviiliil  eso«f«lall0)t.«8uplraiUoa  aod  RctloB  of  tbe  OpfOtflt 

tUyomOis  oMtteA  ^rf  <oit  (/  liU  ammdUif  /rmM  mmMtttk—BitlmbWm  ta4  tttomtloii  of  tlM 
o^potliU  aai(l«  or  ibe  nioiitb  bjr  neatw  of  tli*  tfwonmUo  nnieltc 

|«)  X^irrf  tlotfii  an  tA«  a«iM  AMifOlttKoik,— Klnmtktll  of  tbft  «bl  MMl  tll4  lippV  Upi  Wltb  dt|lW 

aluQ  uf  Om  lofTpr  Up  m  tbf  opfiotlU  ttdiL 

ai«rol«lia«.«-0|i«Btoe  of  tliv  in^uih  witb  (9)  pro^fniliio  iii4  (lO)  nrttvolAon  of  tkm  »oata«*    (J^ 

UO  'It  a#  li^Mvr  of  rvwilf  </  «A«  ii«triM4«f  farMfwi  «i»fif«i{iiM<Nv-1WUmiitlo«i  of  lb*  opp 

M^  of  Uw  ntOQtb,  Uw  hmtd  tairoM)  ■llKfattjr  on  on*  aiAm, 

03)  On  HW  jKMltHor  partiont  of  rA<  tujwrior  (in<if  mutdU  fmntal  «iii»loH>iML     Byi*  0p«nlJs(  1 
fnipCb  dLUtliig,  oitd  tbc  bind  nml  vyrR  tiinitng  toirardt  Lli*  uppontU  ddii 

OS.  m  On  th*  tuyfa^mttiyinal  lotttU  cind  aMfftttoir  (TirniJi.  — The  ejr««  inuVln^g  toiiwd*  lb*  oppOBll*  " 
•kit,  vltli  %a  opwanl  (IS)  or  dnwiimLrd  (IS")  devlAtlnti,    ]\iplU  gMwmlJ j  ornittsotlng.    (r>iiifv<tf 

(1 4)  Oh  r*#  4 V^«-oMry|M«l  or  mt^&fim  ijwfop^  qifciiMldal  «o«ii«hit<o««^fiickki8  VF  ^  tb*  «99»* 
'  elk*  «or,  b«d  asd  fyia  tumliii  to  Hit  oppoillo  obit*  aad  pnplla  dflatlnc  luvitjr.    (Oilvt  ^Aavliifi) 
Tba  etnlam  ofloiCt  and  nu^  srv  at  tbf  tgtrtmitM  tf  iht  temporo'syi^iiJ^tdal  lob^,  cod  Uiat  of  Itmtk 
is  tba  girmt  mrnsUialMM  mud  kippornm^puM  mn^  (|n«tTler), 
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lobide,  eraiilging  upon  the  upper  part  of  the  ascending  fronta), 
anteriorly,  and  the  superior  parietid  lobule,  posteriorly.  Charcot  and 
Pitre^  placed  it  in  the  {laracentral  lobule. 

The  centres  for  the  arm  lie  ajjpareiitly  in  the  middle  of  the  ascend- 
ing frontal  and  parietal  convolutions — that  is  to  say^  opposite  the  Wse 
of  the  second  frontal  The  thumb  cciitr*i  referred  to  as  present  in  the 
monkey  also  prevails  in  Man.  Stimulation  of  it  often  serves  as  a 
useful  guide  to  the  locality. 

The  centre  for  the  movements  of  the  vocal  cords  in  the  monkey 
has  already  been  refeircd  to  (p.  616),  Kossbach  (No.  140,  xlvi. 
1890,  p.  159)  holds  that  in  Man  it  is  located  in  the  island  of  Heil, 
and  quotes  a  case  at  length  in  support  of  this. 

Permanent  Effects  of  Desiraciive  Lesions  of  tht'  Motor  Part  (f  ihe  Cortex. 

WTien  the  motor  centres  of  the  cortex  in  Man  are  once  destroyed, 
their  fimction  never  seems  to  be  t^ken  on  by  any  other  part  of  the 
brain.  In  animals  lower  in  the  scale,  however^  .such  as  the  dog,  this 
does  not  appear  to  be  the  case. 

Thus  Ooltz  found  (No,  169,  xxxiv.  1884,  p.  450)  that  when  the 
motor  cortex  in  a  dog  is  completely  removed  bilaterally  there  is  not 
anything  like  the  permanent  loss  of  motor  power  exhibited  by  Man 
when  iwrtions  of  this  area  are  destroyetl.  The  animal  for  the  first 
few  days  is  in  a  stupid  and  torpid  condition.  It  neither  tends  tu 
stand  nor  to  walk,  and  does  not  take  nourishment  voluntarily,  but 
•wallowrs  well  enough  when  food  is  placed  in  its  mouth.  Consciousness, 
which  is  lost  at  first,  returns  in  a  few  hours. 

In  two  months  after  the  operation  is  completed  the  animal  has  so 
hr  recovered  as  to  be  able  to  walk,  stand,  run,  and  spring,  but  all 
tlieee  movements  are  executed  chmisily  and  are  unapt.  In  walking, 
for  instance,  the  hind  feet  are  approached  ;  and  if  the  animal  is  set  on 
a  table  it  jumps  down  readily  but  awkwardly.  Obstacles  are  avoided 
with  certainty  in  walking. 

The  conclusion  that  is  generally  di  awn  from  the.se  facts  is  that  in 
the  dog  the  Uisal  ganglia  have  not  become  so  functionally  obsolete  as 
in  Man,  and  that  they  are  capable,  in  a  manner,  of  assuming  the 
functions  of  the  motor  centres  of  the  cortex  Avhen  these  are  rooted  out. 

What  seems  most  extniordinary,  however,  if  true,  is  the  statement 
made  by  Sherrington  (No.  179,  vi.  \i.  178)  that  in  those  dogs  which 
have  recovered  their  motor  power,  and  which  present  merely  this 
clumsiness  of  movement,  both  pyramidal  tmcts  may  be  found  to  be 
c?oinpletely  destroyed. 


Cf/rlkal  Centreitfor  TaetUe  atid  Painful  SemibUity, 

919.  The  method  of  testing  the  functions  of  these  centres  by  stimu- 
lAtion  in  animals  is  impracticable.     The  method  of  excision  has  accord- 
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ingly  Ikjch  resorttid  lo  for  tbi»  piirpme.     Even  this  methcKl,  however, 
in  iu  finer  deUiU  will  ever  renmiii  inconduHivc.     The  ultimate  Hpi^eal 

must  1>c  to  lesions  of  the  l»min  in  Man. 


Frotu  the  rxAmiimtiou  nf  lAQ  wlvctrd  inm^^  ill  Man,  E^tuT  I  No.  bH^]  came  to  Ibe 
tionclimioiu  •iiifni};  utlier  thingK,  thftt  the  asva  fur  tdctil'*  ^t'ltMihility  lim  iu  tlic  iinitor 
«r«tii  fur  the  (^xtrcuiitk*!.  The*  ncnatttvc  fielil,  howovi^r.  \%  nvwr  itii  aii]»4iUitc  utie« 
»lld  fihovira  IcAA  ititrii»«ly  tfiati  thv  iiiotur  KacIi  iKMiiitivc  t^ortical  field,  he  further 
lUfltrtodt  fttcMxl  til  ndHtiou  %n  botii  Unlvo^  of  Uio  IkkIj.  Hi&  ob«crvalioii!i  lectuod  to  he 
boroo  out  hy  cjiacs  ei>lkt«rally  and  iultteiiuently  rt'conlrd  by  Tri|>irr  (No.  521,  iii. 
13380  SI,  ]K  2»6).  V.  Monakow  (Ko.  &I7,  xl.  lUh  p,  dU),  HelHitu  (No.  521,  fl 
l»g3,  p.  1JJ7),  HechliTfw  (No.  134.  ccxi.  1886,  p.  82),  ttid  olli«rt,  Eridenc*  of 
iitiii9»the«tt  ur  ftiialgmU,  or  of  ai«<  itl  imlnfu)  (wiiMtioui,  wen»  Mid  to  ■coompaoy 
I'orUiti  liMoria  in  whkh  cotticul  [tBiulN>.i»«  of  rtiotioii  formed  i\w  tnaiu  feature.  On* 
rharactrrutit]  of  theso  Mti^ry  ]4ji  i  i  lijit  they  am  tievor  mi  proiiiiiicnt  at  tb# 

motor,  anti,  m  far  a«  kmiwu,  tlit^  i^>  l>ility  ii  never  coiupletr. 

The  pi|i«Tim(*tiUl  evidence  adduced  Uy  Mutik  (Na  547)  ■eotnm]  to  Icud  aoixia 
iiaab  of  «u|ifK)ri  to  tht;  aban^  obatrvationei  iriadi)  in  Miin.  Iti  thin  cmiuuIt)',  howercr, 
Itufikcruu*  objections  have  becrti  raiiwd  to  tlie  view  that  the  cortical  motor  areaa  are 
frlao  eetuiory  tn  functit^tt.  Th«ti^  hai  \vMfn  a  tendency  rather  to  looalbo  tha  ceutrea  for 
tactila  and  |»inful  Mcnitlbility  in  |iarticahir  oonvolutiona  having  a  mndi  narroiPer 
lifnH  than  U  prenuppuAcd  in  the  above. 

Thtta  Terrier  (No.  518,  p.  3:23}  found  that  destruction  of  the  hip|focam(ial  region 
in  monkeya  produced  tuore  or  leaa  oompUle  loae  of  tactile  aeuaibiUty  iu  the  oppoaita 
4ide  of  the  body* 

Later  ou,  ihvMi  oi)i«Hnienta  mm  rtpeatad  by  lloisli^y  and  Schiifer  (No.  65,  dxxtju 
1S88,  B,  p.  1,  also  !tf  print),  and  whan  the  deattuction  iif  the  ftartu  in  this  uei^hboar- 
hootl  was  BufUciently  extcusive,  \rilh  practically  tho  luimp  r«««lt«.  The  couclilion  of 
hemiaUKJthceta«  huwevt^r,  although  fairly  well  marked  in  eorne  eases,  was  newr 
oomptete,  and  ditnpiN'aneNil  within  a  week  of  tli«  oji«<ration. 

On  I'xu^nding  thmr  experimental  the  last-montiunifl  observers  diseovcTfd  that 
any  oxtsniive  leciou  of  the  gyrus  forntcatus  ti  followed  by  hvui iaoffiaUieaia  motw  or 
l<>«s  tnnrk«d  and  ptrtlatent  In  some  ca»e«  thi^  an^f'sthettc  eoudiliou  involrod  aliaaal 
the  whole  of  tlie  opjiosito  ftido  of  the  body,  in  uthcni  it  was  hM*iili«d  to  particular 
|iarta.  Seeing  that  the  gyrus  fomicatui  ia  practically  rontlnutiUN  with  Uie  gynaa 
hip(iooanipi,  the  two  constituting  the  gn^at  ttmbic  lobt  of  Droca,  they  regard  tbatr 
ravulta  not  aa  aulagonbtit:,  hut  rather  lu  an  i^;[ten«ion  of  those  of  Ferrier.  Tliair 
obiirvatknia  aaiin*  therefore,  to  point  to  th<^  liinbiu  lolie  being  largely,  if  not 
tsdiiiively.  eonoamed  in  the  a]ipredation  of  both  luiuftd  and  tactile  aeuaationa. 

8cbtir(we  atiiatiiafy  of  his  views  by  Hugganl,  No.  59,  1885,  ii.  |i.  194)  iMkm  tba 
view  tiuit  ill  tha  dug  and  saveral  other  vertebrate«*  the  so  railed  motor  contrsa  af9 
luaridy  tactile  reutrea,  and  that,  when  they  are  e3ici««d<  the  ditlicuUy  the  animal  haa 
in  ita  luovementa  ia  due  to  loas  of  tactile  senaihiUty,  not  to  loia  of  acttnU  motor 
{lower.  The  abUtiou  of  the  motor  area  in  the  dog  permanently  abohshes  tactile 
senaibility  on  the  oppoatte  aide  of  the  body,  but  senaibility  to  )iain  and  nioUlity  are 
retained.     The  effects  are  somewhat  dilTervut  tn  the  monkey. 


I 


JjfMtnu  of  thf  l*rffrouial  Br^/th 

990.  Hv  the  prefronUU  irgion  in  Mnn  id  undcratocxl  that  {lart  of 
the  frontal  lolxj  which  lies  Mtterior  to  the  motor  centivs.     Every 
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^ems  to  be  agreed  in  asserting  that  atimulation  of  this  region  in  the 
lower  animals  does  not  cfdl  forth  any  motor  response,  and  when  it  is 
destroyed  in  Man,  motor  jmrulysis  is  not  one  of  the  phenomena  acc^m- 
paaying  the  destruetioti. 

The  commonost  diseases  of  this  region^  apart  frona  the  results  of 
dii-ect  injury,  are  tumours,  such  as  round-eelled  sarcomata,  porencephalic 
abfiorption,  etc. 

in^rn  ejrtnjsiir  destrudion  from  anp  rame  has  ialrn  place  in  nirly 
fmdh  fir  infamy^  the  individuars  mental  capacity  is  warjied  or  remains 
unevolved.  Where  the  lesion  is  extensive^  more  or  less  imbecility  is 
noticed.  In  a  ease  which  the  author  had  the  oppi*rtunity  of  examining, 
lioth  frontal  lobes  were  extensively  damaged,  and  on  the  right  side  the 
prefronUil  x^egion  was  entirely  wanting.  The  individual,  a  woman,  was 
over  fifty  yem-s  of  age  at  the  time  of  death,  and  had  remained  a  com- 
plete imbecile  for  the  whole  of  her  life.  It  was  im|K)ssible  to  instruct 
her  in  even  the  most  rudimentary  matters.  She  w^as  quite  incapable 
nf  understanding  the  meaning  of  the  letters  of  the  alphabet,  although 
•seeing  and  hearing  perfectly  ;  indeed  it  was  fpiestionahle  wdiether  she 
recognised  the  significiinee  of  the  coloured  pictures  in  the  ward,  which, 
however,  in  some  way  fascinated  her.  She  was  completely  aphasic, 
walked  with  some  ditiiculty,  and  was  barely  competent  to  attend  to 
ber  mere  animal  wants.  Her  intelligence  had  apparently  matle  no 
sd^moe  from  the  time  of  her  earliest  childhood. 

Similar  cases  have  been  recorded,  and  usually  with  very  much  the 
mme  history. 

Whm  fhf  p'efrofital  region  is  destroyed  in  afkr-Ufc  marked  deteri- 
oration is  noticed  in  all  the  higher  qualities  which  distinguish  Man 
from  the  brute  creation,  and  iu)t  unfrei|ueritl\'  the  deterioration  takes 
a  cnminal  hxim  (see  case  reported  by  Ferrier,  No.  521,  v.  1883,  p.  62). 
ItoUz  found  (No.  169,  xxxiv.  1884,  p,  450)  that,  when  the  frontal 
region  was  removed  in  the  dog,  the  disposition  of  the  animal  changed 
for  the  worse.  It  became  snappish  atid  pugnacious,  and  woultl  atluck 
a  big  dog  of  which  formerly  it  stood  in  awe. 


Coriirul  Auditory  Centre, 

921.  Although  Hughlings  Jackson  has  stated,  and  probably  (pute 
correctly,  that  no  case  is  known  of  complete  deafness  in  Man  iiubiced  by 
a  cortical  lesion,  yet  both  experimental  and  pathological  facts  indicate 
that  the  tem[>oro-sphenoidal  lobe,  and  more  i>articularly  the  fir«t  tcm- 
[K>ral  convolution,  is  the  mrist  important,  if  not  the  only  storehouse  of 
acoustic  images.  The  condititm  known  as  '*  word  tloafncss "  clearly 
points  to  this  being  at  least  the  receptive  centre  for  the  accumulation 
of  the  memoriea  of  spoken  language.  It  is  impossible,  however,  to 
iti»cuss  this  subject  apart  from  that  of  apha^i^i,  under  which  heiuling 
further  information  is  given. 
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Munk  has  invented  the  term  '*  psychical  dejifness  (SeflmUmikeU)  '^ 
to  express  that  condition  in  which  the  animal  or  individu»l  hmrs  well 
enough,  but  fails  to  interpret  what  the  soundK  uienn,  and  "  cortical 
deafness  {Rindtntmthheil)  ^'  to  indicate  that  the  animals  |>owers  of 
hearing  are  impaire*!  or  lost  from  a  cortical  lesion.  Similar  terms 
have  i>een  long  used  in  reference  to  lesions  of  the  visual  centre 
(Sect,  951). 

BAgitinky'M  tix|>vnaieut»  wouM  st?en]  to  $1ju\r  that  tlu;  jiiielitory  littrv«  i»  |4t««d  ill 
coniioctifin  with  the  centri-  for  beariog  through  the  inferior  tillet  of  the  ojPjMisitc  «id#. 
HlA  ex)*orit»rntJ}  coiiBisteil  ia  destroying  the  Ubyrinth  in  nibbtt«,  and  trvctng  the 
conitH^ncnt  degetienttion  of  tJi«  paths  below.  The  fibres  of  the  luwtr  fiUet  of  the 
0ppodtt«  dde  show  a  ni«rkt»1  ahriiikagt% 


Cmiicai  Vmml  Venire* 

022.  There  are  chiefly  two  views  on  the  subject-^  1)  that  held 
Munk,  to  the  effect  that  it  residea  in  the  occipital  lobcfi  alono»  and  that 
complete  cortical  lilinflness  may  Ije  imluced  by  their  bdateml  removai  ; 
and  (tf)  that  held  by  Luciani  and  Taiuburini  (No.  551  ;  see  also  No. 
521,  ii.  1880,  p.  234),  and  ktely  adopted  by  Ferrier,  that  in  the 
monkey  the  angular  gyri  are  also  concerned  with  vision,  and  thjit  in 
oi-der  t<*  produce  j>erfect  cortical  blindneas  both  angular  gyri  and  both 
occipital  lobes  must  1h?  anitihilated. 

The  subject,  however,  amnot  well  be  treated  apart  from  the  other 
lesions  of  vision,  and  the  reader  is  aecordinj^ly  refen*ed  to  iJumsa  of 
the  Optk-ccmduciing  Apparatus^  and  of  the  Centres  amneeteti  mih  it  (Chap. 
LXXXlIi). 

CorikaJ  Oifactoftf  CerUrr, 

923.  There  is  some  amount  of  accumulated  evidence  in  favour  of 
the  hippocam|)al  lobtde  being  the  seat  of  the  sense  of  smell.  Leaioiis 
calcidated  to  aiuse  irritiuion  of  this  neighbourhood  have  been  known 
to  give  rise  to  subjective  semuitionw  of  smell.  The  case  of  an  epileptic 
is  referred  to  by  H.  Jackson  and  Beevor  (No.  521,  xii.  1H90,  p.  346)» 
where  coexistent  with  the  presetice  of  a  tumour  in  the  tern  jKiro- sphenoidal 
lobe  the  **  aura  "  ttM>k  the  form  of  a  horrible  smell.  They  refer  to 
aovemi  other  cases  uf  the  same  kind. 

LiUraiurf  on  ('rrd*j-nf  Lo*yiitMfioii.—An6trsoa  and  Makios  (Topogfm|Jjv) ; 
Jomu.  uf  Aimt  hitd  Thviiol.  xxiiu  l!5»S-bli,  u.  45.'i,  Ashby  (Turn,  of  Thai  nnih 
Cliorttiform  Mov#Mi»cutH; :  Mi^^l.  Clirou.,  MumlL^  v.  188G-&7,  j*.  117.  Beevor  and 
Horsley  ^*  '  >»  Motor  An'«):  llnl.  Trana.,  cUxix.  iH81»,  \k  20:»,  Birdsall 
iHcmiin  York  Med,  Jonrn,»  %\v.  1887»  j»«  469.     Btanc  it'ortic*!  IVntrr  of 

Coujitft'i  'Oi:    Lyon  nivd,,  Hi.  ISSd^  p.  115.      Bleuler  i  Pon»  Lraion  And 

Eyc^  Movrr[irat{i.» :  LVut.  Ar\?h.  f.  klin.  Med.,  xxxxH  \b^tt,  [k  527.  Broca,  set 
AVtUKiA.  CanriUe  and  Dure!  (Critique) :  CompL  rvud.  ti^K\  di'  Uiol,  v.  1874,  pi 
't74.  Charcot:  Loi^Ali.HAtiori  in  Bm^iji  Dimam,  1883,  Kijg.  trarmL,  K.  Syd,  Hoi\ 
Dodds:  Jauru.  Aimt.  and  PbysioL,  xii.  1677-7$,  p(K  340,  454,  636.      Eisenlohr 
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(Ontml  PftTalyals  of  Luiynx) :  Arch.  f.  Psychmt.,  xijx.  1888,  p.  3H.  Eulcn- 
borig^ :  Berl.  klin.  Wochn&L^br.,  xiiL  1876,  p,  ^19,  Exner:  IxicalisatioD  der  Vmiv- 
tionen  in  der  Grosshimrinde  des  Mensclieii,  1881  ;  ft/^o,  Wien*  nied.  Woclinscbr., 
utivi.  1886,  pp.  1665,  1699,  Exncr  «nd  Paneth  (Corticj.!  Origin  of  ^'aLial) ;  Arch. 
L  d.  gea,  Physiol.,  xli.  1887,  p,  349.     Femer  ;  'Hic  Localisation  of  Cerebral  Disease, 

'A^7B  ;  aUo,  The  Functiona  of  the  Brain,  1886;  also.  Brain,  xii,  1S8I>,  p.  36  ;   aha 

nCroonian  L&ctiires),  Lancet^  1890,  i.  p.  1225  ef.  acq.  ;  alm^  sejtarate  publication. 
rriticli  and  Hitsig':  Arch.  f.  Anat.  Phyaiob  ti.  wissensch.  Med.,  1870,  p.  300. 
Glover:  Arch,  de  neuroL,  xvi.  1888,  pjK  39,  249.  Goldstein:  Sclimiilt's  Jahrb., 
cliixiv,  1879,  ^*  281.      Goltz :   Physiologie  dea  Froschhims,  1885;  also.  Arch.  f. 

^^ychiat.,  xviii,  1887,  p.  268.  Gowers  (Brain  in  Congenit^il  Absence  of  one 
ami) :  Braia,  i,  1878,  j».  388.  Gray  (Le,sions  of  both  Temp.  Lobes  withoi:st  Woi-d- 
jlindnes*  or  Wo rd- Deafness) :  Journ.  Nerv.  and  Ment.  Dia,,  xi,  1886,  p.  554. 
Suiither:  Ztscbr.  f.  klin.  Med.,  ix.  1885,  p.  1.  Hitzig- :  Unt^raucb.  iib.  d.  Gehim, 
1h:4.  HorsJcy  (Motor  Centres) :  Notices  Froc.  Ri^y.  Tnst,  Gr.  Bnt.,  x.  1881-86,  p, 
lifiO  :  nUu  (Motor  Centres  and  Will),  Nature,  xxxii.  1885,  p.  377.  Horsley  and 
Schaefer  (Cerebral  Cortex  Exiiers.):    PhiL  Trana..  elxxix.  1889,  p.  1.     Huggard 

■^Excitable  Area  of  Cortex) :  Lancet,  1885,  ii.  p.  194.    Jackson  and  Beevor  ^Tumour 

^Temp.  Snh.  Lobe  bearing  on  Sense  of  Smell) :  Brain,  xii.  1SS94J0,  \k  346.  K^m^ 
(Gumma  or  Thalamus):  Arch.  f.  path.  Anat.,  evil.  1887,  p.  191.  Laborde  (Ceiv- 
bral  Pednnclea):  Trav.  Lab.  phjrsiob  Fac.  m^.  de  Par.  (1884),  IS^.%  i.  |».  99, 
Lttssana  and  Lemoig^e  (Motor):  Arcb.  de  physiol.  norm,  et  i»ath,,  iv.  1877,  pp. 
119,  34?.  Macewen  (Arm  and  Lt5g  Centre):  Lancet,  18S5,  i.  i>.  934.  Meyer 
(DegemTation  of  the  Fillet) :  Arcb,  f.  Psycbiat..  xvii.  1886,  p.  439.  Midde 
(Brachial  Centre):  Joimu  Ment  Sc.,  xxxi.  1885-86,  p.  47,  Mills  (Cerebral 
Looaliaation  in  its  Practical  Relations):  Trans.  Washington  Med.  Cong,,  1888. 
Mmik:  Berl,  kliu.  Wochnschr,,  iii.  1877,  p.  605;  alm>  (Visual  Centre),  Arch.  f. 
PhywoL,  1878,  pp.  162,547/599;  1H79,  p.  581  ;  fi^,  Ueb.  d.  Functioned d.  Grosahirn* 
nti  b/  freprint  of  articles  [mblisbed  from  1877-80),  1881,  Ord  (Oiimnia  of  lu  Motor 
':  1  :  M.  Thomas'  Hosp.  Rep.,  xv.  1886,  p.  227.  Ott  (Heat  Centres):  Joimi. 
^,ir.  and  Ment.  Dia.  K.  Y.,  Xlii.  1888,  p.  85.      Paneth:  Arch,  f,  d,  ges.  Physiol., 

"  xrii.  1885,j».  523.  Rabl  (Facialis):  Anat.  Anzeig.,  ii  1887,  p.  219.  Ranne^ ; 
Clares  on  Nervous  Diseases,  1888.  Rickards  (Hftniorrhage  into  CVura  Cerebri) : 
-it.  Med.  Joum.,  1886,  L  i>.  774.  Rossbach  (Voice  Centre) :  Deut.  Arch,  f,  klin. 
led.,  xlri  1889-90,  p.  140,  Riihmekorb  :  Ein  Beitiag  J!ur  Lehre  v.  d.  Localisation 
Grosahirn,  1889.  Sarill  (Anffsthei^ia  and  Trophic  Changes  from  Lesion  of 
I  Fomicatus) :  Brain,  xiv.  1891-92,  ^.  270.  Schmidt  (Deatrnct  of  Tegmentum, 
Lmi,  Corp.  Striat.,  and  Nuc.  Lout,  without  Lojis  of  .Sensation  or  Motion) :  Joum. 
Kcrv,  and  Ment,  Dis.,  x,  1885,  p.  294,  Semon  and  Horsley  (Larynx  Centre) :  Brit. 
Med.  Jcmm.,  1889,  ii  ]».  1283.  Sharkey  (Atrophy  of  Brain  from  Spinal  Paralyais)  . 
Brain,  xL  1888-89,  p.  94.  Spitzka  (Localisation  in  Pons-Oblongata  Transitional 
Area) :  Joum.  Ment.  and  Nerv,  Dis.  N.  Y,,  xi.  1886,  p.  193.  Starr  (Sensory  Tract) : 
Touiii.  Nerv.  and  Ment.  Dis.,  ix.  1884,  p.  327;  also  (Thrombcttiis  of  Artery  in 
rtftlDeutum) :  Joum.  Nerv.  and  Ment.  Dis.,  xiv.  1887,  p.  115.     Treitcl  and  Baum- 

*  Kitten  (Heniianopsia  and  SyphiHa) ;  Arch.  f.  ])ath.  Anat,  cxi.  1888,  p.  251.  Wer- 
nicke (Lesion  of  Lower  Parietal  Neigh bourh otxl ) :  Arch.  f.  Psycbiat,  xx.  1888,  p. 
243. 


▼01*  II 


2  s 


CHAPTER   LXXX 
THE  NERVOUS  SYSTEM— (CWtnu^f) 

General  STRU(TrRE  of  the  Brain  in  Relation  to  Disease. 

924.  Before  going  further  it  may  be  advantageous  to  lay  before 
the  reader  a  short  sketch  of  the  position  occupied  by  the  component 
parts  of  the  great  brain,  as  revealed  by  serial  section  in  the  three 
directions  of  space.  Sections  I.  to  IX.  are  made  in  a  perpendicakr 
transverse  direction,  Sections  X.  and  XI.  run  horizontally,  while 
Section  XII.  is  obliquely  sagittal.* 

Perpendicular  Transverse  Sections. 

Section  I.  (Fig.  A'Mj)  runs  through  the  middle  of  the  third  frontal  convolatiofi 
and  corrc»iK3ndiiig  jwirts  of  the  tirut  and  second  frontal  convolutions. 

If  ih'iH  (tart  of  the  brain  is  examined  in  the  freHh  condition  the  white  matter 
a])|»ears  to  l)e  undifferentiated.  It  seemn  to  be  uniformly  o{¥ique,  and  it  is  impOMibIt 
to  track  out  the  eounn?  of  its  fibres.  When  pre|ianMl,  however,  by  the  gelatine- 
)iota.sh  metho<l  employe<l  in  making  the  Hectionn  from  which  the  above  figure  WM 
taken,  tht-€c  tnicts  of  Jibrfs  are  ex{K»iied  whose  direction  is  evidently  different  from 
the  surrounding  mass.  That  which  lies  mesially  (Tr.  int.)  is  the  largest ;  the  middle 
(Tr.  me<i.)  is  a  more  delicate  slip  ;  and  the  most  external  (Tr.  ext.)  again  ia  of  octt- 
siderable  size.  Without  entering  further  into  what  they  mean,  let  it  suffice  that  the 
innermost  tra<t,  or  tractus  internus  corporis  callosi,  contains  the  most  anterior  of 
the  calhuial  fibn*s  which  are  about  to  cross  to  the  ()p}K)site  side,  as  well  as  those  which 
have  alreaily  crosscni.  The  middle  tract,  or  tractus  medius  corporis  caUotiy  is 
com|M>se<i  of  some  of  the  callosal  fibres  which  have  alrea<iy  crossed,  and  which  are 
circumventing  the  anterior  horn  of  the  ventricle  :  while  the  most  external  tract,  or 
tractus  eztemus  corporis  cailosi,  contains  chiefiy  fibres  derived  from  a  like  source 
as  those  of  the  middle  tract,  but  also  a  certain  {)ro)>ortion  from  the  prefrontal  region 
of  the  same  side.  Both  set^  of  fibres  are  (laHsing  l>ackwards.  It  \«ill  be  noticed 
that  this  last  of  the  three  tracts  lies  very  closely  underneath  the  third  frontal 
convolution. 


*  The  appearances  delineated   are  those  revealed  by  the  author's  gelatine  -  |>otasb 
method  (sec  vol.  i.  p.  48). 
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Section  IL  (Fig,  436)  fwisup^  tlirtmgh  the  tliinl  fniutiil  eou volution  a  littlf  larthiTr 
back  thAn  Section  I. 

It  sbous  the  first  and  second  frontal  convolutions  nUm^  (\  Fr.  and  2  Fi.)  mid 
thr  gyrus  rectus  riiiJ  gyrus  orbitalis  IhIow,     Tlif  tractus  intemns,  dt^siribed  in 


!  tS 


-I 


llie  fofvgowg  i»MCtioii,  litkA  iio>\  l»ect*iii*;  ihe  geoix  of  the  corpus  eaUosum  {<i.  C\  C), 

tb*  poiitt  where  the  two  tmcts  coAleso<.-  !i«^iiig  that  expostij.     Th<^  tractus  medius 

extemns  (Tr.  tncd.  and  Ti.  e.vt.)  arp  still  viiilik  in  their  M  [Misitions.     On 

I  right  sidr,  the  tii»  of  the  later&i  ventricle  (L.  ^^ }  may  bi*  noticwl,  and  the  com- 
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menccmeut  of  the  Sylvian  5sstsre  (8,  F.)  The  (U«Utic«  (X.)  iiiterrvning  Ijctwrcn 
tbe  tr»4?tui  extorntis  ami  thr  gr«y  nmttcr  of  the  thinl  frottUl  oun volution  b  erni  lc«i 
than  tu  tite  ]ir«vt(iUB  sftctioii. 

Sectioo  IIL  (Fig.  137)  mt»  through  the  |j)i  uf  thv  t«in|Kiro-f|>h«ttoidAl  lobt 

(T.  H.  L.)  and  the  opereiihmi. 


Tlic  ittrrounding  convolutions  iif.   lUe  following:   M 
U[K»ct  liif^^rk»r]y,  tli»'  j^vru*  nivtu*  ((J,  tC )  aiid  th**  \;^ra»or\n\ 
volutiout  of  ilir  tr!niiiir»i-iiph*mt4tUl  lotxs  (T.  8,  U)  ami  ih*>*t  uf  tht 
(I.  E. )  arr  pWc^l  nior«?  externally  ;  the  aieencUng  frontal  f  A».  Kr,  ^  n: 
(S  IV#)  an'!  Iir»t  frontal  (I  Yr.)  lie  JiUive  ;  while  fonning  \\ 

^  lODgUiidiiial  tisAUiv  iLrt3  thv  nuirgtiial  lunviJiitloti  (M.  *  i 


r.h  it,  ill 


'  rfie  lentictiUr  nucleus  on  the  other.     Lying  immediately  below  tho 

.;  -  i  ii^    1   v.'  (  txtremity  of  the  iimcr  ojijiBuln  i^  a  dense  bsud  of  whit*  Kbres,  the 

anterior  commissure  (A.  C).    Tho  otfactorj  tract  (0.  T.)  ia  atill  visibk%  but,  from 

■n  up  into  its  aevei'iil  root^,  pre^nts  a  fliittene^l-out  appearance.     At 

cun  be  Men  to  com^  off  nnd  to  ptk«m  up  directly  into  tlic  outer  capsule. 


i 
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Section  V.  i  Fig«  439)  ouU  through  the  or^ui  uumcdiati^ly  behind  tbft  ootltaeiliM 
of  the  teinfioro-»j>h<pnoid»l  lobe  with  the  rest  of  the  hemisphere. 

Over  Ami  above  the  jmhIj*  previoualy  referred  to,  it  give*  a  full  tI«w  of  the 
■nterior  ccMmntssure  find  its  hrmnoheii  to  the  olfactory  (OL),  Ferricr  (Ko.  5IS» 
p.  316)  seeing  to  doaht  this  oonnection  of  the  olfactory  with  the  anterior  coumdMiuv* 
but  it  appears  to  the  author  on  insutficient  grounda.  The  direi:tioii  of  these  olfactory 
ftbres  given  otT  from  the  anterior  conmuasurc  ia  clearly  from  the  t«mporo-»phnnoidal 
lobe  of  one  iidt*  of  tlie  lirain  through  the  oommiiMtirc,  down  lowarda  the  roota  of 
origin  of  the  op[K)«ite  olfactory.  Not  that  the  ontire  coiunittMure  i»  iomjK)^  of 
them  ;  they  form  only  a  oom[»oneut  part  of  it.  By  their  mediation  the  olfju^tory  hi 
oonnoeted  with  the  temi^wro-sphenoidal  lol»c  of  the  opposite  side,  a  connection  quita 
ia  keeping  with  what  is  known  of  the  cortical  centre  of  smell. 

On  l»oth  sides,  bat  more  ]iarticularly  on  the  left,  the  connection  of  the  olfactory 
with  the  outer  cajAiilc,  seen  in  Station  IV,,  is  al»*i  plainly  visible.  The  two  divi* 
non§  of  the  lonttQular  nueleos  (L.  N.)  are  well  demarcated  by  one  of  tlio  strhi* 
miMlnllarea.  The  aruh  of  the  fornix  (Fx*  1)  and  the  two  receding  pillan  lying  ou 
the  floor  of  th«  thinl  ventricle  (Fx.  2)  aro  also  brought  into  vieiv* 
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Section  VI.  (Fig.  440)  rnns  through  the  Inftrndlbulum.  It  cuta  acrmw  iii«r 
teni|H)n>^Nphenoidiil  lol>«  (T.  S.  L.)i  the  aacending  frontal  (As.  Fr.)^  and  flivt  froolal 
coiivobitUniM  (I  Fn). 

Tho  Lcntrsl  parts  have  undergone  considerable  transformation.  Firstly,  it  wiU 
be  seen  that  the  c&udate  tiudetis  (C  N.)  is  much  smaller  than  previously,  and  that 
it  hax  also  lost  it'*  tibrons  A[ii>eamnce.  Tlie  jmrt  rcprt-fti^ntod  is  taken  from  about 
its  middla  third.  Projw'ting  from  the  mesial  convexity  of  the  inner  capsmU*  on  thu 
left  side  b  a  fibrotudooking  maas,  the  thalamus  opticus.  Tlie  leoticular  oudeus 
(L.  N.)  is  divided  into  four  tegmenta  on  the  Ivfti  and  into  tliree  on  the  right  sida  by 
the  ttriie  nx^tlul lares* 

Under  the  li^nticular  nucleus  is  a  double  bundle  of  fibres  f  L  P.  Th.)  running  fym» 
the  region  of  the  thalamus  down  to  the  t«m[Kiro -sphenoidal  lotw,  and  tcrminattDg 
in  the  nuclcun  amygilaUiin  (K.  A.)»  This  ha*  U^n  ualle<l  the  lower  pedtmde  of 
the  thalamus  by  Meyncrt^  and  thu  fiart  of  the  central  gray  matter  tliiTJUgh  which  it 
|iaM»ni  in  its  i?o»!"»e  l»eni*th  tho  wid^*"  >lin,jHLMl  ♦*xtn*mity  of  iho  Iciitiotilar  nuclcuji, 
is  kjiowu  a&  the  substantia  iniiominata  of  Reih  The  anterior  commiaaure  (A.  C;) 
is  now  Mien  divulging  on  the  right  side  into  the  temporu-sphenoidal  lolw,  Its  t&tma 
spHtUng  up  into  a  brush  like  masa,  to  be  distribnted  Ui  |in>l>ably  tlie  whoU  4if  tlit 
t«fn|>c»ral  convolutions.  To  the  outside  of  the  extenial  segment  or  putamen  of  tha 
latiticular  nucleus  (L.  N.)  comes  in  the  outer  capsule  (O,  C),  now  thoroughly 
di^ere&ttatod  ;  beyond  the  latter  is  the  slip  of  grsy  matter  called  the  daustrum 
(Ci) :  still  farther  out  ia  some  whiti*  matter  (W.  S.  1.  K.  i  imd^rl^iug  the  convolu* 
tions  of  the  island  and  known  as  the  substantia  innomtnata  or  white  substance  of 
the  island  *  while  most  oxtanially  Ilea  the  g^ray  matter  of  the  island  it«df  and  Ui« 
Sylvian  fossa. 

Let  ns  dtraot  our  attcntJou  for  a  motDsnt  to  tho  outer  oapaolt  at  this  point. 
It  b  oompottd  of  an  outer  and  aii  inner  lay«r.  Tbs  oulsr  iofftt  eotuoa  (torn, 
th«  operculum  and  runs  into  the  t«mfM>ro  -  sphenoidal  lobo  chiafly  to  the  first 
famporal  convolution.  As  wnll  be  seen,  the  oi»ercular  region  and  the  temporo- 
sfihenoidal  lobs  aro  also  fnwiy  united  by  the  white  matter  of  the  island »  which  a 
little  £uther  hsek  (Fig.  441)  becomas  a  prominent  object.  The  imnar  la^^  of  the 
cspaule  oofnes  from  above  and  passes  downwards  in  grest  part  to  unite  with  the 
satsrior  ooniikiMurv*    Where  its  fibrea  reach  to  sflor  tlus  it  is  hanl  to  lay.    Qtilis 
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anterior  nildtttl»  eiivitlo[»i»l  by  th«  flbrot  of  th*  itritttin  xoimIc  or  whit*  eoveritig 
uf  tbtt  ganglton. 

Un  the  Irft  Hiilc.  ihv  tuner  capmle  ;L  C.  i  Ima  emfrfrvil  oti  th«  Imtv  of  Ww  brmlfi, 
«ti4  ootiiiiUiUwi  the  (*oinitiMM'Mn''tit  of  thf  certbrml  pedtinde*    Twisting  routid  thn 
^  »lhi(*ititU  (C  A.)  «in  the  proJongations  Iwiekw^nU  of  ih<»  fornix^     In  the  two 
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figiiT«a  (Secta.  V.  auii  VL,  Fx.  2)  tliL*  fornix  limbs  may  he  »een  running 

eIrwiurcU  witbin  the  f^ny  matter  lining  tlie  tinrd  ventricle,  and  now,  in  this,  they 

rnftke  a  figure-of-eight  twist  round  the  corpus  albicans  to  terminate  by  splitting  up 

in  the  thalamuA,     One  of  the  njain  bands  into  which  the  fijniix  In  continued  is  seen 

in  the  midat  of  the  thalamus— the  band  of  Vietj  d'Azyr  (B.  V»  d'Az.).     There  are, 

bowtver,  many  others  whose  destination  run  not  bo  entered  upon  at  present.     A 

Mifferenco  of  opinion   prevails  aR  to  whether  the  l>iindlea  which  thus  end  in  the 

jthalAtQiM  arc  all   directly  eontinuons   with   tlie  body  of  the  fornix,   or  whether 

[  they  are  reinforced  from  the  ffray  matter  of  the  corpus  albicans  itself.     The  anterior 

[  Qommissure  has  lost  the  character  of  a  coin  pact  bundle.     Part  of  its  brush  dike  mass 

of  terniitial  fibres  h  still  noticeable, 

Tlic  position  of  the  opUc  tract  (O.  T-)  in  this  and  the  following  figure  is  worthy 
^of  spef^ial  attention.  It  lies  rlose  beneath  the  lenticular  uncleus  (L.  K. ),  find  is 
[idlrertiit  to  it  and  to  the  emerging  fibres  of  the  crus  cerebri*  A  localised 
rjueaunrhage,  tumour,  or  other  lesion  in  the  posterior  part  of  the  lenticular  nucleus, 
[pressure,  will  thus  comprass  the  tract  and  occasion  symptoms  of  htmiojna 
[  <iee  Sect  949),  Caaes  of  this  kind  are  not  very  uncooimon.  The  nutlior  met  with 
I  Me  quite  latdy,  in  which  a  focal  lr.eniorrhage  into  the  lenticular  nucleus  in  the 
•itoatioti  indicated  caused  complete  hemtopta. 

Sectum  VI I L  (Fig.  442)  cuts  through  the  anterior  margin  of  the  Pons  Varolii. 
i  Thf  pnrta  exposed  are  much  too  complex  to  allow  of  dptiiiled  description  in  the 
[  small  amount  of  sj^iat'c  at  onr  command. 

The  thalamus  (Th.  Th. }  bulks  largely  in  this  section.  Lying  on  its  mesinl  border 
'  U  an  oval-shaped  maas  of  gray  matter  (M.  N.  Tb,),  which,  ii  rcsjjcctive  of  the  many 
anibiguoiw  nomenclaturea  proposed,  let  us  nnme  its  median  nucleus. 

Below  the  tlialsraus  ami  between  it  and  the  jioiis  i^  that  area  of  mixed  gray  and 
white  matter  known  as  the  regio  subthatamica.  Within  it  ai-c  seen  two  well- 
dcljiie^l  ganglia.  The  one  is  the  red  nucleus  (R,  K/),  and  the  other  the  BO-caUe^l 
corpus  Luysiantim  (C.  L.),  Lying  to  the  outer  side  of  tliis  region  aro  the  iked- 
unriilar  fibres  (P»  F.)  dttscending  Into  the  pons.  Tlie  triAHg^lar-shaped  space 
titnatrd  b<?twe<jn  the  two  corpora  Liiysiana  and  below  the  third  ventricle  is  ciinsed 
ajiiipjy  by  the  divergence  of  the  two  cerebral  peduncles.  The  V-ahafn?  of  Ihe 
icular  canity  is  well  displayed,  the  foramen  of  Monro  or  the  channel  of 
ction   between  tlie  lateral  and   third  vent  rifles   being   located   at   the   point 

M.  Tlie  outer  capsule  in  thi.s  region  is  paiticnlarly  bulky,  nioiT  so  than  in  any 
•tther  part  of  tlie  brain.  Its  fibres  seem  to  pass  directly  downward.s  into  the 
tMnporo-Mphenoidul  lobe.  The  commencement  of  the  tail  of  the  caudate  nucleus  is 
ihown  At  C.  N|  ;  its  termination  (the  surcingle)  in  the  de»cendiog  horn  of  the 
Utt*ral  ventricle  at  C.  N^.  The  lenticular  nucleus  h  fast  diminishing  lu  size^  to 
terminnte  a  short  way  farther  Imrk* 

Tlie  so-called  tsenia  semicircularis  is  neen  crojiping  out  l^etween  the  cnudate 
nadens  (C  X^J  and  the  tbulanuis  (Th.)*  It  is  seen  to  be  contiiiiious  below  with 
t}i'-  lamina  medullaris  eittenia,  that  series  of  bundles  of  fibi-es  fonning  the  outer 
hoviTuUry  wull  of  the  latter  gsingliini. 


Section  IX.  •  Yi^.  i4:i)  passes  across  the  front  of  the  angular  gyms.  Above  is 
lb«  tobulus  parietalis  superior^  while  Ijelow,  and  tuttTiially  or  mesially,  are  the 
dptto-lenifKjral  convolutions.  In  the  centre  is  the  pnstenor  horn  of  the  lateral 
iestricle  >  L  V. ). 

Am  wiU  be  seen,  we  hnve  now  ]>a&sed  behind  the  basal  ganglia  in  our  progress 
[Iwclcwarda*     To   the   inner  side   of  the  ventricle  is  the  remainder  of  the  corpus 


*^r»  (f»»Mkiiti)  o¥  Tiift  Cebkasluim  ASH  JAa>vujk.  Oblokoata  (i»«  Uxt\ 

wMdi  was  taken  from  a  trarisi^rent  preparation,  as  the  latter  brings  out  certain 
I  points  which  thia  does  not,  owing  to  the  different  manner  of  viewing  it. 

It  {tanes  throagh  the  brain  at  Aueh  a  level  a^  to  afford  porhap*}  the  tnost 
lifefbiielive  picture  of  the  parti  of  greatest  im^wrtance.  The  convolutioos  displayed 
an  Uio  firtt,  4ecoad|  and  third  frontal*  Behind  these  cornea  the  island  of  Reil  lyin^ 
in  the  Sylvian  fossa;  and  stijl  farther  back,  the  temporo-&pheijoidal  and  occipital 
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lobe«.  In  frotit,  littlr  difTenrntiAtion  of  th^  white  matter  ts  j^n-vpitblei  owin);  la 
the  iirepfinitlori  being  opaiiue. 

Attached  to  tbo  jKMitfrior  extri*mity  of  the  corptta  cftUotam  (C.  Cill,)  ftre  iii 
iTSpective  sequence  th(«  septum  lucidum  with  itti  eaelosed  fifth  vefitriclei  th<^ 
anterior  commissure,  nud  iW  anterior  pillars  of  the  fornix.  Be  hi  ml  thii  ■gftiu 
ootuuthi^-  third  ventnde,  the  conunisaura  mollis  uniting  th«<  t^o  thal&mi,  atid  ttilt 
fftrther  l»Ack  the  coutiiiuiitiou  of  thc«  thiixi  into  the  fourth  Vrutmle,  or  tho  aqueduct 
of  Sylvius.  A«  the  luMt  <»f  Ihesi?  run»  in  a  clirertiou  from  Wlow,  njjwiiriia  ami 
Ituckwanla,  it  ih  cut  otf  ohlii|ucl)'. 

A  Yery  instructive  view  in  hud  of  the  basal  ganglia.  Tlios  in  f^nt,  )jttihiiig  its 
way  into  the  Isteiul  ventncKs  h  tliv  tulxirose  head  of  the  caudate  nudeUJi ;  whi]« 
U'hiud  and  to  the  outer  side  tiea  the  lenticular  uucleus,  threr  of  ita  aegmetits  being 
•etm  in  the  whole  of  their  hoHzontiil  extent.  Ohtorve  thiit  tht!  mitrr  w5gTueiit  of  th^* 
lenticular  nucknia  is  ■epsrstrd  from  the  head  of  the  caudati>  um-leus  only  by  th« 
inner  csfieule.  The  bands  of  »triie  medutUrea,  which  an<  the  means  of  lubdi^-itting 
iho  leuticulsr  nucleua  into  acignionta,  are  eontiniioua  with  the  anterior  limb  of  the 
inner  capaulo  itt  frout,  autl  with  the  poaterior  limb  of  the  same  behind. 

Looked  at  on  boriMHital  section  it  will  lie  seen  how  numerona  and  complaic  the 
I'ouuiHrtioMa  *»f  the  inner  caf^ule  an-,  and  what  a  largi*  |ira|H>rtioit  of  its  &hn»  find 
th*fir  di«atiny  in  thu  thuUmuii.  It  ia  divided  into  an  anti'rior  and  a  {Misterior  limb. 
Aa  ccimpat^Hl  with  the  fnisti^rior  limb,  the  ant«nor  at  tbia  level  is  comparatively 
•lender*  It  b  evident,  further,  that  many  of  the  Chrt^a  in  th«<  ant4*rior  limb«  m  it  ia 
at  prtsent  spen,  run  almost  dirr^tly  biM^kwarda  and  teruiioat4>  in  thi'  optic  Ihalauiua. 
To  thatte  fibree  Meynert  long  ago  gave  the  natno  of  thi^  anterior  peduncle  of  the 
thslimfft  Notice,  alao,  what  a  large  numlier  of  libre«  leave  the  jiontcrior  limb  of 
the  oa|joule  it*.  L  L  C)  U^  vuUr  the  thaUmua  lying  to  itn  uieetal  side.  It  is  theic 
whieh,  on  ^leuetrating  the  gray  matter  of  this  ganglion,  gi%*e  it  the  iteculiarly  fibrous 
sp|>earauce  previoualy  lefcrretl  to.  Lying  witJiin  the  UiaUmiis  pretty  far  forwards 
are  two  crosa  cut  bundle*  (Fig.  445,  B.  Y.  da),  the  bands  of  Vicq  d  Azyr. 

Posierior  to  the  tfaslsmiia  come  in  two  ovat-ahaped  gray  mssaes  on  each  side,  the 
eictemal  and  ioteraal  g^fiioilate  bodies,  and  mora  towards  the  middle  line  ars 
two  of  the  corpora  quadriffemina,  probably  the  anterior.  The  white  layer  on  the 
aurfaee  of  tlio  geniculate  botliea  ia  the  apjtarent  termination  of  the  optic  tract.  A 
band  of  the  optir  can  alao  be  teto  atretchiug  towaitla  the  corpora  (piaalngt'hiina  and 
|Mu-tially  euveUipiug  tham.  Outside  tlie  extenml  genicuhite  body,  and  lying  em* 
tMdded  iu  the  anterior  wall  of  the  middle  horn  of  the  bteml  ventricle,  ia  a  little 
rounded  maas  of  gray  matter,  thu  tail  of  the  caudate  nucleus.  It  will  lie 
rememltered  thiit  th«tail  of  tli«  caudate  nucleus  ia  very  long,  and  efttenda  far  down 
into  thn  middli)  horn  of  the  vetitriole.  It  Is  out  act\)as  conaoquantlj  in  thta 
aeotiuti. 

Outsider  the  baM<  of  the  lenticular  nucleus  lie  the  outer  eapsnls,  the  linaMiki* 
elaustimm,  tlie  whits  substanoe  of  the  ishmdi  and  the  corresponding  oonvolutioiis 
of  the  aamr. 

Coming  »till  farther  back,  Uie  descending  or  middle  horn  of  the  ventricle  is 
•sen  with  thr  comigationa  fif  tho  comu  Ammonis  u  iihin  it.  At  uuv  jKiint  tlia 
junctiou  of  the  fomis  with  the  coniu  Ammonia  i*  rxiK>-ir<i.  Notic**  that  the  gray 
maltsr  of  the  eori^i   i*   nothing  more  than  a  cinhnti/itiMti  of  Um-  cortiral   gray 
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Section  XI*  (Fig.  446).— The  view  of  the  [larta  given  in  thi^  dmwing  in  mtrnv- 
wliat  out  of  keeping  with  that  of  Setiinn  IX.,  owing  to  tlie  plam^  of  aectiou  not 
haringbeeii  exaetty  hoHtontaL  It  is  higher  fioiteriorly  and  lower  anteriorly  than 
that  of  8<^'tioM  Xm  •»  tliat  the  aplenium  of  the  corpus  ealloauni  isexpoaed,  while 
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InpOMlble  ber«  to  do  much  more  than  mert'ly  refer  to  th<?m.  The  w«nidrtrtui 
interwoairiiig  of  the  tihres  in  a  prcfMLratiou  such  iia  thii«  drawing  was  taken  fttna 
gives  tome  idea  of  the  intricate  manner  in  which  the  ditforent  regions  of  Uui  of|^ 
are  boutid  together. 

It  Mriti  be  noticed  that  about  the  middle  of  the  prefrontal  region  tbcr^  lie*  m 
•omewhat  pyriforra  or  l?g-of-mnttoTidike  tract  (n).  Turning  back  iG  the  deaenptloti 
given  of  the  yieqiendicnlar  function  throngh  this  region  (\\  626),  it  will  bo  foiuid  th«t 
three  banda  were  dc«cril>ed  as  being  cxfHised,  the  direction  of  whoae  6bro8  waa 
referred  to  act  different  fnim  tho^e  of  the  surrounding  white  aulj^taiice.  Tlicy  are 
akown  in  Fig.  43fi*  This  i«  the  innennust  *>f  tlie  three,  the  trmctns  intemiis 
corporis  calloii,  A  litthi  band  is  natiee^l  outside  of  thi^i.  It  im  a  iM»rtitin  of 
thv  tractus  medius;  while  out»iile  of  this  again  is  the  tractus  extemus  (Fig. 
445,  6^ 

The  anterior  limb  of  the  inner  cafisule  (ti)  U  repreaeuted  by  a  few  diacoii- 
Dc'cted  bundles  of  fibres,  but  tlte  |iQ«teriiir  limb  (I,  C)  is  thick  and  masadve,  Tht 
latter  is  dose  upon  the  level  where  its  fibres  emerge  njion  the  baae  of  the  brain  aa 
the  |M!duneulu»  cerebri.  Poffsing  dawn  the  middle  line  w©  come  to  the  third 
ireotricJe  (HL  V.),  and  in  the  gray  matter  on  eiuih  side  of  it  are,  in  front,  the  two 
desceodins:  pilljirs  of  the  fornix  (Kx.)*  And  l>cliiufi,  tlie  bands  of  Vtcq  d'AMjr 
(B.  V.  *h^  ;  whih'  ^tilt  fj^ttlKT  Itaek  in  the  posterior  commissure,  with  segments 
of  tlie  anterior  corpora  quadrigemtna  (C.  ii  A.).  Beyond  the  bat-maatioiMd 
iKxlies,  on  foch  •^idc,  h  thi^  iNiinti'ii  extremity  of  the  tltalaiiius  knowa  as  tli« 
pulvioar, 

Ihe  parieto-occipital  band  or  Gratiolet'a  optio  tmdistion  has  been  already 
rifjeitid  to,  and  i.^  <li>]rictc^l  on  tnLiisveree  section  in  Fig.  413.  It  it  now  sevn 
throughout  ita  entire  eour^  {0«  E.  G.^.  Notice  that  it  commences  in  the  onji|fttal 
lobSf  and  ]iasaing  forwartb  as  a  ribbon-Uko  com^Nict  tract,  splits  up|ig«ite  the 
hind  extremity  of  the  poeterior  limb  of  the  inner  oapaule  into  two  oontingenta. 
f%e  mtUf  the  oujter  H(k  runs  forwardH  to  the  midtiJe  of  the  inland  qf  liei!,  when 
it  termiliatsa  chiefly  by  spreading  out  m  a  somewhat  fau-s)ta[M>il  expansion  in  the 
whita  substance  of  the  island.  It  is  mot  at  the  extremity  of  its  eounie  by  a  aimilar 
brush  of  fibres  derived  from  tJie  third  frontal  convolution.  In  the  series  of  prejiara- 
tlomi  of  which  tlie  one  being  deecrilteil  is  a  member,  nothing  could  be  clearer  than 
this  «3[tciistT«  Q9iui«ctioa  between  the  island  and  the  occipital  lobe  on  the  one 
hand  and  ths  Island  and  the  third  f^ntal  convolutioD  on  the  other.  The  uiddla 
of  ths  Isknd«  where  the  two  banda  of  libna  mingle  (unnamed  white  substuioe 
of  tbf  island),  is  |ieciiliar]y  opaque.  It  is  a  question  sa  to  whether  sonie  of  the 
ooeipital  libreii  ar«  not  also  carried  forwards  directly  to  the  third  frontal  oonToln* 
tion.  It  wouhl  seem  almost  as  if  they  were,  although  by  far  the  greater  number 
undouhtadly  tsraunsto  in  ths  convolutiotis  of  the  island.  The  jiart  of  the  thini 
frontal  ttom  whioh  the  sbove  tibrea  take  origin  is  the  posterior  third  to  half  of  its 
extent. 

In  its  oottFM  forwards  towards  the  island^  however,  the  parieto-oocipital  band 
wiU  bs  sssn  to  givs  off  nttmsrotts  fibres,  which  find  their  destinatioti  in  the  Inn- 
paml  tsmwoUUimi,  It  is  these  which  are  probably  bound  up  with  the  |iathology  of 
umdMindnem  (p.  670). 

Fibres  abo  stream  into  it  from  the  parietal  convolutions,  and  run  forwarda. 
They  at'rve  to  inersase  its  bulk,  so  that,  at  the  ])oiiit  anteriorly  where  it  divides^  it 
has  quite  twiec  the  aixe  it  had  in  the  parieto-occipita)  region, 

Tht  9thtr  cf/fUint/ent  into  whi^th  this  [larieto -occipital  band  divides  lies  mesially 
or  intertuUly  to  that  just  dsscrilied  as  fiaatdng  to  the  island,  lis  fibres  are  dts- 
trflmted  smong  other  parts  to  the  tkalamtu  and  <A«<  tjenicultUc  boilm^  white  a  large 
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Fw4.  W.V— Ufuu»i-»KTAL  SEcrrox.     HruAN  Dkais    TiiAKt*rAEiwn"  PfiErAaATiowK 
UIV.)  Ftnt  fbmtAl  cuJivutiiUon  ;  (2  Fr.)  EVjeond  frtMilA]  cuitvulutiou :  (S  Fr,)  thinl  frontal  con- 
I ;  (I.R.)  IsUti^  of  R*'H  :  (1  T,Si>h.)  llrnt  teiitiiciro-«pheuoJ(lal  iOn volution  ;  <2  T.Sph,)  secouil 
«fil^«if..t.|4l  C'YftvnliitfoD  ;  (ST.Spli.)  tliinlt^iiiportviiphenoirlal  involution  ;  (O.L.)oefipiUl 
>iire  ;  (Hi,  V.)  third  ventridu;  (h}  internal  ralloiial  tract;  (fc)  cxt«nial 
ui  thiol  froTiUt  convolution  tnniiug  into  onttr  capsule;  (f) juaodation 
■  -.  1  tVonUl  convolution  and  Ifilanfl  of  lU'il ;  (S.F.)  Sylvian  fotw»;  ((Onfew 
lb  of  li)n<?r  cftixiule;  (O.C)  outer  capsule:  (L,N.)  leutfeijlar  nucloijj*;  (Ci) 
uritertor  cunniiMure ;  (Fx.)  fornix;  (l.l\Th.)  Inferior  t>e»Juiicle  of  tb&lumna; 
in*lU«r,  tlu^l  VHntricle  ;  (B.V.  du)  bainl  of  Vlcq  d'A^yr;  (O.Tr.)  optic  tmct;  (LC.) 
(H.('rJ*.)iiu|ii»rlt>rc«rebelI*r  jxhIuucIo  aud  red  niii'lf^ux  ;  (Tifg.)  UfKUientuin ;  (/>  llUreH 
-pri'fMling  forwAnlf*  into  th«  islaml  of  Rcil  and  first  and  jwiond 
.  (Tlu)  j>«islerlor  extremity  of  Ibalatuu!*;  (CQ.A.)  oorpna  qnudrj^ 
.1  of  furnix  :  (C.Ani«)coniu  Aiumoniii ;  (C.P.j  uboruld idfixus ;  (CC) 
oupug  minor;  (U.iLQ.)  optic  radiatioui  of  Or&tloiet,  crt*  fjttri«to* 
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tDAf»  of  them  flnla  iuio  the  poatrnor  part  of  the  miaule  to  descend  iti  the  pedundikl 
Thi<  U  probably  lht<  aeusory  band,  whose  de«trueti(iii  uccm^iimn  rrij«««<l  hoiiit* 
•iwnUictfis*  Mftiiy  uf  thn  tii^ieM,  liowevpr,  take  utiotlit^r  iltntciion.  Th«'\  }iaaB  in 
front  of  the  posterior  limb  of  rht^  fa|»stUe  forwards  and  itiwiirdH,  twist  round  the 
capsule  and  Mit«r  thr  thalamus.  Pro.sumnbly  thiN  in  the  contintialiun  of  what 
Meynert  has  dmscriWHl  an  th**  lower  peduncle  of  the  thalamus,  aTul  whii-li  h  ^•ts^u 
on  fM'r|>eudv*ti1ar  s<^*tioii  in  Kig^  i40^  I.  1*.  Th,  It  is  iiiijiOHMibli',  «l  pniv***!)!.  to  tlrtail 
the  niauy  utlier  |iolntH  of  iuterest  jfhowii  in  this  Figtiiv.  Tlio  alxivo  w  ill  Ik*  *ulheicnl 
for  our  i»rc«cnt  p«ri>oses, 

Obiiqttelff  Sa^tUil  ^Srction, 

Section  XI L  (Fig.  i4S). — Th«  piano  of  Mctioti  in  the  prqiaration  from  which 
thi^  Kigtirt!  waa  takun  ran  not  exactly  antero*|iotjtcnorly,  but  with  otifTident 
deviation  to  the  «id*^  to  pa%a  through  medullii,  fioiw,  crua  cerebri,  and  farther 
onwardu  in  the  samff  line.  The  convolutiomi  ocpoved  are  thow  tlieroforo  of  the 
fnnital  and  parietal  lobea  as  tar  back  as  thn  spleniunt  of  the  corpus  calloaum.  Tlia 
occifiilttt  loht!  does  not  cooie  into  view,  but  aamat)  d(*tat:hed  segment  of  thv  t^mjtoro. 
aiphcnoidal  lobe  [b  m^n  inforiorly.     The  projiaration  was  transparent^ 

The  corpus  callosuin  ice.)  is  cut  off  obliquely  and  the  couiao  of  its  fibiee 
within  ill*'  centrum  ovfilf  19  faintly  indit^ated  ant^'riorly.  The  littU-  slip  of  white 
matter  {f)  se«n  underneath  it^  uplcnium  ifl  a  segment  of  tht<  fornix.  The  contiuQitjf 
of  the  lenticular  {1,h,)  and  caudate  nuclei  {cu.)  anteriorly  in  spfiarsnt, 
separation  Wing  only  partial  and  effected  iltr^mgh  tlie  somewhat  interrupted  bi 
oftlie  anterior  limb  of  Ihv  inner  ntpMule,  Abutting  ou  the  candate  iincleua 
ooniea  the  thalamus  (th)  with  it»  various  nuclei  and  terminal  pulviliar, 
following  out  the  same  convex  line  formed  by  tliase  thrve  large  nuclei  ars  the 
corpora  qnadngemiua  (c.q.).  The  Figure  terminates  with  a  section  of  the 
bellam  {ci). 

Below  the  lenticular  nucleus  are  seen  two  bands  oMtc|uely  rut  acroea,  Tha 
in  firout  (a.e.)  is  the  anterior  commissure,  that  behind  is  the  optic  tract  (#/).  Th( 
fibres  of  tlie  posterior  limb  of  the  innor  capsule  are  seen  descending  in  the  pedun< 
cuius  cetvbri,  and  are  continued  liown wards  in  the  cruMta  or  its  saperticial  layer. 
The  layer  almve  this  is  the  substantia  nigra ;  while  alx}vc  that  again  and  beneath 
thtt  corpora  i|nadrigemtmi  is  an  indefinitely  fibrous  layer,  the  tegmentum,  coesred 
in  above  by  tho  corpora  i[uadrigemina  (c.^J,  The  fibres  of  the  crusta  {p>f.} 
tm  be  followed  down  through  the  |Mmti  (je«),  Tliej  Mplit  up  into  numerous 
bttadlea,  which  again  ooalesoe  at  its  tower  limit  to  [lasa  into  thi«  metluUa  oblongata 
(mi.0.).  Interlacing  with  them  arc  the  crosscut  transverse  fibres  of  the  {ions 
dsfired  in  great  part  from  the  cerebellum.  Paasing  obliquely  upwards  from  the 
oorebellum  is  the  iU}>rrior  cBreWUar  t»cdancle(-«.cj7.),  losing  itnelf  in  the  tegroenlal 
region.    The  olivary  liody  {iti\  is  exjiosed  in  the  medulla  oblon^ta. 


Plan  or  thk  Ckntbal  Nervous  SyancM. 
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929.  Tht^  geueml  view  upheld  at  the  [iresent  d&y  regarding 
plan   or  iin'hitt!cttir«  of   the  central  iiervoua  aystem   is   in  its   maili 
features  sometluiig  like  the  follouiiig  : — 

Coming  down  fiom  what  has  been  latoly  called  by  Sherriogton 
the  cord  area  of  the  cerobrul  cortex,  and  which  corresponds  in  Man 
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Fi-oin  the  bnaal  ganglia  fibres  radiate  upwunlB  lowards  the  cerebral' 
cortex  i«  a  fan-8ha|HNl  ex|)afigion  known  as  the  corona  radiata. 

CoiTespondiug  |)arts  of  the  cerebral  cort-ex  are  uoitcil  through  th€ 
varioiiit  white  commissures. 

The  cerel>elliim  is  put  in  rtiniicetitin  with  the  rcrebrum  by  mciins 
of  its  mpf^rivT  pfduitdr.  Its  itwhlU  palmtrU  runs  acrosi*  the  [urns  ;  and 
thmngh  its  infrrmr  i^thinde  and  corfwra  resliforiuia  it  commutiicates 
with  the  spinal  cord, 

Thr  jHiih^  fiif  thr  ayntttjance  upwanU  of  diffrretit  pcriplitral  imprtmmts^ 
|>aths  for  the  eoriveyaiice  of  iinpre^^^iong  to  arouse  feelings  of  painful 
and  t;\etile  tieuftibility^  genae  of  hx-^tion  of  a  limb,  sense  of  temperature, 
etc.,  are  eoriveye*!  to  the  Rpinal  cord  by  the  |>osterior  nerve  ro<it*»  or 
to  the  brain  by  the  sensory  root*  of  the  trigeminus*  Those  which 
enter  the  cord  either  jmss  to  the  opposite  side  at  once  and  ascend  in 
the  gray  matter  (j>ain  and  teniperatnre)  to  the  cortex  of  the  cei-ebrum, 
»ir  run  up  Iti  the  posterior  columns  of  the  same  (sense  of  lotration)  or 
op|>fi8ite  aide  (tactile  senedbilityX  the  fonner  decu!*sating  in  the 
pyramids. 

The  farther  stretch  of  the  fibres  upwaixlt^  m  nuestionable.     The, 
caa€  of  gliotnatou9  tumour  of  the  |>ostcrior  horn  of  the  spinal  coi 
recorded  by  Uos^olimo  (No.  51 7»  xxi.  18i)0,  p,  897)  woidd   m^em 
favour  the  view  that  after  decUHJftating  in  the  cord  or  anterior  pynimii 
they  \Axm  inU*  tlie  interolivary  hiyer,  the  lemniscus  (JSchleife)  of  tho! 
|Mins  and  i-erebrul   jH.Hlunele.     At  leant,  the  serondary  degeneration  iti 
his  aij»e,  ri'stdting  frrmi  de«ttruction  of  the  left  postenor  horn  of  gray 
umtter  in  the  conl,  followed  this  aaeending  course. 

The  next  w^e  know  of  the  sensory  tract  is  that  it  occupiea  tbfl 
pOHterior  third  or  fourth  of  the  po6terior  limb  of  the  ituior  capflule^ 
but  wdiere  itj^  tibree  are  ultimately  distributt^d  to,  remains  a  mystety. 
There  are  chiefly  three  views  on  the  subject : — 

(1)  That  the  sensory  and  motor  centre*  of  the  cortex  are  si^parat^v 
juid  that  the  itscending  sensory  libres  are  applied  directly  to  th« 
ttneorj  eentrefi  alone,  the  communication  between  them  and  the 
motor  Iteing  by  means  of  connecting  or  commissural  fibres. 

(2)  Tliat  at  least  the  tactile  perceptive  centres  are  bound  up  with 
the  motor  centres  of  the  cortex. 

(3)  I'hat  the  afferent  fibres  run  up  to  the  excitable  portioni  of  the 
cortex,  and  that  thence  impulses  are  conveyed  to  the  motor  eentrea 
w  hose  locality  is  as  yet  undetermined.  The  so-called  **  motor  area  ** 
iif  the  l>rain  wouhl  thus,  according  to  this  ^iew,  \yt  the  '*eonsiiiv<i 
jHtn*eptive  rent  re**  for  tjictile  sensibility^  (SehifT), 
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Cmru  followed  l^  the  CaUosal  Fibres, 

920.  Although  such  may  be,  in  general  t-erros,  the  common  nc 
af  the  various  great  paths  throughout  the  brain  and  cord,  it  byj 
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leatis  follows  that  it  is  imas^ilable.  Indeed  there  arc  goud  reasons 
;or  believing  that  in  some  most  fundametital  points  it  is  radically 
irrong,  in  none  perhaps  more  so  than  io  the  following : — 

A;^  mentione<i  above,  the  corpus  callostim  is  genenilly  reganled 
lAB  a  ajmmL^sun  uniting  cqni\alefjt  pat ts  of  the  cortex  and  bringing 
them  into  fiuictionul  harmony*  If  this  be  so  it  is  ditiieult  to  tintler- 
stand,  as  in  the  extimplu  reported  by  Eichler  (No.  517,  xin.  1878, 
p.  355),  and  in  many  others,  how  so  large  a  mass  of  white  matter 
can  be  con geni tally  absent  without  a  single  indication  dun ng  life. 

The  author  for  some  years  pist  has  taken  a  difi^jrent  view  of  the 
mearung  of  the  corpus  callosum,  and  accumulating  facts  have  so 
,»trengtliened  his  lielief  in  the  theory  he  oiiginally  enunciated  in  a 
conimtinicalion  to  the  Kojal  Society  of  London/  that  he  ha«  been  in  a 
manner  corajielled  to  subjoin  a  short  r/suu^  of  the  main  facts. 

If  a  mammalian,  antl  more  especially  a  human  brain,  be  hardened 
by  injecting  the  vesseis  with  MiillerH  Hnid,  the  aiipearances  depicted 
in  Fig.  447  will  be  seen  on  making  a  ])erpundicnlar  transverse 
section  of  iu  Issuing  from  the  coqnis  cidlosum  :it  each  sitle  is  an 
ttrcuate  mass  of  fibres  (Figs.  447  and  449,  O.C.T.)  which  turns 
tipwartK  outwards,  and  downwanls  in  the  midst  of  the  centrum 
ovale.  Let  ua  apply  the  name  crossed  callosal  tract  to  this  mass 
©f  callosiil  fibres.     Without  entering  too  much  into  detail,  it  may  be 

lentioned  that  these  seam  to  be  callosal  tihrcs^  which  have  urisen  from 
the  cortex  on  one  side  (see  Fig.  448^  C\  V),  which  have  crossed  the 
middle  line  in  the  corpus  c^allosum,  and  which  are  now  turning  down- 
wards. Notice  where  they  go  to.  They  split  mjiinly  into  two  lots. 
Th©  inner  of  these,  which  is  also  the  larger,  enters  the  inner  capsrih 
(Fig.  447,  LC),  while  the  outer  and  smaller  (O.C)  {>iisse^  into  the 
mkr  mpsuie.  It  may  be  that  there  is  yet  a  third  contingent  (Fig. 
448,  C*!  C")  which  posses  through  the  h^fitirultfr  nmkus  as  the  stnie 
me<lulhires,  its  fibres  uniting  below  to  form  the  kfdkulur  uuclffus 
ioup. 

Those  of  the  inner  capside  end  by  Incoming  attached  chiefl}^  to  the 

ganglia  and  parts  still  farther  downwards.    The  thuhuttus  receives 

bftps  most  of  them  (Fig.  448,  c^),  Imt  they  evidently  i>a.ss  down 

Iso  to  the  gray  matter  of  the  }>^vis  ami  nmhiila,  and  it  may  l>e  of  the 

»iiial  cord     Those  of  the  outer  capsule  Ij^come  attached  to  \arious 
and,    as    shown    in    Fig.    447,    among   these    to   the    arUerior 

The  sum  and  substance  of  the  matter  is  that  the  coqms  callosum 
not  seem  to  1>e  a  commi.ssiire  in  the  ordinary  sense,  but,  rather, 
decussation  of  cettnin  cortical   fibres  which  do  nut  decussiite  lower 
iWD.     The  author  has  been   interjueted  oironcously  l^y  certain  op- 
nt'ots  of  thi?.  thforv  as  reviving  Foville's  view  that  the  corpus  caUc>sum 


*  For  PBfo,  ?*e  BibUog.  under  G«iiera]  Uteratiii-c  on  Aimtoiiiy  of  Xorvoas  System, 


up  with  thiiflt^  tit  the  tract,  Imt  more  iwiijilly  are  ijuile  iliBtinct  fn»m 
them.  Tlicy  form  only  a  small  cimliiigt^Tit  of  the  filires  etit«'iing  Uii* 
inntT  eftpsule,  Jirnl  are  mmt  nmnenm»  in  iu  po^UTHtr  liniK  where,  in 
iU  tmUMrioT  two-thirtls,  thev  coimtitute  about  one-thinl  of  the  whole 
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niJLss.      In  t be  anterior  limb  they  are  much  less  niimemiis,  the  greater 
bulk  of  this*  being  matle  up  of  crussed  (•ullufyil  fibres. 

The  turning  downwards  of  the  corpus  callosum  enn  1m3  seen  xf^ry 
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'//j?fl7?.  embryo.     The  pjTanddal  fibres  lie  out- 
luct  as  in  the  aclult^  and  the  aillnsid  Hl.>rcs 


authoFj  where  a  great  |mrt 


I 


iUB 


THE  NERVOUS  HY'tiTEM 


PART  IV 


of  the  frontal  lohc;  had  been  deatroyetl  and  whort;  ilio  vacuity  was  In  a 
eUitts  of  porencephalia,  the  crossetl  eallcjeal  and  peduncular  tmcia  wei-e 
found  lieautifully  dissected  out  A  diawiuj^  of  a  section  of  ihh  bi^iu 
IB  given  in  Fi^^,  452,  whore  il  will  be  observtKl  that  the  porencephaloiiA 
condition  of  the  beniisphere  has  opened  out  the  various  tracts  «>£  fibnos 
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'     Ht'V  CALiiOarii  Airti  CucMttn  Calixwal  TkacS  (X  14)40  UuJHik) 

!  !in  aulhur'a  imAlincstlDn  of  W«l^rt'*  c<it>ti«r<bMllfttOiylrfi<t  ptvenmm, 

(«.e.>  Ccrrpm  niltMUin  ;  {e,e^L)vTQmmt  cniUtml  InMSt ;  (f.r^,,  r,e/.)c»11ii«il  flbrm  fKnw  tjiii  fortes ; 
(f^ii^/li  )Vfi^.>Hiiiir«  ftuiu  eorit^s  luwfr  tldwn«  rumiiuK  1t«ir«rdii  Uia  |il<adlbrut  iiurlttiB(|Ln.K  C</.) 
dirtct  etjitleftl  flbr««  tyiuji  outBi<lr  the  cjtk«4Kl  caUumI  tmct,  tntl  ruimiuic  dowii  ^>  tli«  iuiter  c&fnli* 
(ix):  (•,is/.)M%'«f«d  ctttluaoi  flbmoftli*  erowrU  cntk>iat  troct :  (<.n.>c«u«lAt«  niicWiw:  («)  UMta«i- 
«f7  UiM  betVMO  pltxtform  riiiclfi'aA  ftind  Innrr  c»p*ul«. 


in  ihe  neighbourhoiMl.  T\u>se  concenieil  wiih  the  corpui*  calloiiim  arr 
rerealed  in  a  jmu  ticularly  diagniinnmtic  manner.  The  chief  loaah  of 
Rbrea  entering  it  and  al^mt  to  crotjn  (C.  R  K),  namely,  that  derived 
from  the  vertex,  the  crossed  callosal  tract  (C.  L\  T.)»  or  those 
lean^g  it  and  turning  di>wu  to  enter  the  inner  ca|»ule  (L  i\)  after 
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having  crossed,  anil  i\w  clirect  descending  fibres  (11  I).  V.)  htl*  idl  well 
displayed. 

In  ceitain  mammalian  tv]>c8  the  connections  of  the  euqjus  cullusnni, 
owing  to  the  simplicity  of  the  stnietnre  oi  the  orgaru  can  be  reti<ltly 


4A0. — SBcmoif  OP   BnAiN  o*    Xi.iiLuiL»  i.vii:M  ui.-s    raitui  i,«    the   AsTEKron    Ci^MatiHsritc, 
aiiowtsMj  TiiE  Coitri'«  CaLi.omum  Ti'ptKisni  DOWN  iJMttj  TiiR  OrrT-U  CApari.K.    Mitgni(le<!  tbrtM' 

OsA')Oat<er  capsule;  UJ.)  columnar  fomlcli;  (pl.cA,)  plexun  i^lioroidti ;  (f  r.)  i^iiims  c«11oiiim ; 
(r.I.)  tetiKnU  wfitricle ;  (eJ.)  Inner  capsule ;  (t,Q.}  anterior  coinmUMiirp. 

made  out.  Their  examination  supports  the  view  just  enunciated  of 
it«  natm-e.  In  the  edentata  the  appearances  are  {wirticularly  grajihic. 
Rabl-Ruckhaixi  (No.  14,  xxxv.  1890,  p,  165)  some  time  since  drew 
attention  to  the  corresponflence  of  the  coi-pus  callosuni  in  the  arma 


'  ,  r  .  .V.  'i  ■•  wr  llHAiK  or  XKyriire  ciymj^vbis,  ^bowinu  tiik  Cohi'L'!!!  CALtobrM  Trtiufisiii 
i«vy  urm  titr  ImtMU  aki»  Ovtyjil  Ca^vliosl  MaguiQiMl  ihrce  UtnvM.  (After  Rabl'Bitck- 
haM.) 

(•if.)  Oilier  r«p«ule:  (/W.M»)  clioPoM  plfiUfi;  (f*.)cnrtiiiia  ranoatim;  («'.<,)  inner  capsule;  (p*^-) 
» temtxiimlla  nfatitfinor  coniniiiiisMre:  (V.  111.)  tliird  vcnlriele. 

iUIlo  (Xenurm  ff^kmmts)  with  what  wan;  described  liy  the  author. 
Two  drawings  illustrating  this  jmpcr  are  reproduced  in  Figs.  450  and 
451,  If  they  are  romparetl  with  Fig.  447  the  resemblance  will  be 
found  to  Iks  noteworthy.     The  corpus  callosum  (Fi^.  4'>1,  it'.)  turns 
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flown  wards  and  splitj  int-o  the  inner  (rj.)  and  out4?r  (t,e,)  capsules 
exactly  as  it  does  in  Man.  The  oiilor  ea|isiile  i^  very  large  in  ihefie 
types,  and  as  <liaplayed  in  Fig.  450^  joins  the  anterior  cfininiiMin^e 
(c.a.)  below.  Tbin  connection  hm  long  been  known  t4:j  the  author, 
and  is  represented  in  Fig.  4  40  taken  from  Man. 

There  is  CQnBidenil»le  diHiculty  in  trsicing  the  course  of  the  callosal 
fibres  by  means  of  secondary  degeneration.  Th«*y  do  not  react 
so  readily  as  the  peduainljir  filjtes  do.  AVhether  or  not  this  is  owing 
to  their  having  ti-ophic  eentreH  in  th*?  thalamus  an*]  other  jjarts  to 
which  they  l>eeoitie  attached,  cannot  possibly  be  answered  at  present. 


rr^- 


y^^i^:^. 


C.S. 


^H^i 
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Til, 


^ 
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Am'txi  »i) 


vromt  I  nUlrjnil  Inct,  ettn*imUn$ntt  iUtmm  tlbrtM  wlilch  1mm   .-re 
mvliu*  ;  (I.e.)  litiifT  i-mtMul*  ;  (Tb,)  Ui«Jiifiiti»  u|iUi:u«  CcvLiii 


Nitutsl  ^m% 


Shcrringliin  Rtates  that  some  lime  after  destructive  lesions  of  the  cord 
ftrem  or  that  areti  of  the  eerebr.d  cortex  giving  origin  to  the  pedun* 
cular  fiUr<»«  and  other  part*  of  the  cortex,  he  eouM  ti-ace  a  secondAry 
degeneriilion  running  acroiw  the  corpus  cjdhisum  into  the  opposite 
hemisphere.  Murotoff*  ^No.  5|,  18i>3,  Anat.  Ak,  p.  97)  makes  a 
aimih^r  a*Mertion.  In  neither  ease,  however,  h  the  jutsertion  supported 
by  a  clear  view  of  how  much  of»  to  what  depth,  the  hemisphere  wjui 
cut  int-o.  This  is  the  mu  of  the  whole  matter  a^  will  be  seen  by 
hx)king  at  the  scheme  depicte<l  in  Fig.  448.  There  is  good  reason  for 
lielieving  that  the  trophic  centimes  for  the  callosal  fibres  may  be  bthv^ 
not  (UtoiY  ;  and,  accordingly,  if  the  lesion  of  the  hemisphere  occupied 
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the  area  A^  only  those  fiUres  goin^  to  tlie  opposite  side  would  be 
divided.  If,  however,  the  destruction  involved  the  urea  B,  those  which 
are  abo\it  to  cross  and  some  of  those  which  have  already  crossed  would 
be  cut  across.  While,  if  it  proceeded  as  far  as  the  area  C,  a  much 
larger  proportion  of  tho»ie  which  have  already  crossed  would  be  di\aded- 
These  presumably  have  their  trophic  centres  below,  and  hence  might 
degenerate  ujnvards  into  the  opposite  hemisphere. 

Experimental  evidence  of  the  course  of  the  callosai  filires,  derived 
fix>m  a  knowledge  of  their  function,  is  unfortunately  meagre.  The 
older  methods  of  operating  by  way  of  section  of  the  coitus  callosimi, 
such  as  those  practised  by  iSaucerotte^  Longet^  Mageiidie,  Flourens, 
etc,  have  revealed  little  of  a  positive  nature,  and  even  in  later  times 
those  of  Koranyi  {Xo.  169,  xlvii.  1890,  p.  35)  in  dogs  were  not  in 
any  way  more  worthy  of  note.  The  animals  remained,  it  is  said, 
in  jxjssession  of  all  their  functions.  Mott  and  Schaefer  (No.  6, 
1890,  i.  p.  1124;  also,  No.  521,  xiii.  1890,  p.  174)  emphasise  that 
stimulation  of  the  corpus  eallosum  in  the  monkey  by  weak  induction 
currents  produces  loc^ilised  bilateral  movements  in  all  parts  of  the 
body,  the  muscles  which  respond  to  the  stiraulus  depending  upon  the 
position  of  the  electrodes.  Thus,  anteriorly,  head  and  eye  movements 
w^ere  obtained,  but  never  face  movements,  A  little  farther  back 
movement  of  the  shoulder  muscles  on  Iwth  sides  occurs.  8till  farther 
back  well-niarkeii  raovementfi  of  the  trunk  muscles  were  obtained  ; 
while  leg  and  tail  movements  followed  upon  stimulation  still  posterior 
to  this.  All  the  movementB  were  bilateral  and  fairly  e<|Uid  on  both 
9ide«. 

When  the  corpus  eallosum  is  divided  by  removing  one  hemisphere, 
the  callosiil  fibres,  cut  across,  are  exposed  as  they  enter  the  opposite 
hemisphere.  If  these  are  stinuilated  by  an  extremely  weak  current, 
loadised  movements,  they  allege,  occur  on  the  side  of  the  body 
opposite  to  that  with  which  the  stimulated  tibres  are  still  connected. 
The  portion  from  which  movements  C4in  be  called  forth,  they  say,  is 
limited  to  the  thin  middle  part  of  the  corjius  eallosum.  The  order 
ill  which  the  movements  of  the  respective  muscles  manifest  them- 
selves is  the  sjime  as  before,  namely,  the  eye  movements  most  an- 
teriorly, head  and  shoulder  movements  next,  and  most  posteriorly 
those  of  the  truidt,  tail,  arul  legs. 

These  results  might  quite  well  be  accounted  for  by  the  view  just 
enunciated  that  the  corpus  eallosum  is  in  reality  a  decussation  of 
filires  arising  from  nerve  cells  in  each  hemisphere ;  and  that  after 
dccuggating  these  fibres  run,  not  into  cells  in  the  ♦>[>posite  hemisphere, 
but  directly  downwards  into  the  inner  tvvpsule  and  parts  below.  It 
10  doubtful  whether  the  callosai  fibres  function  in  a  direction  down- 
wards. More  probably  imi>u!scs  pass  along  them  from  the  lower 
centres  to  the  higher.  As  the  author  has  expressed  it,  they  are 
prolmbly  the  means  of  educating  the  motor  cortex — the  means  of  con- 
veying impulses  to  arouse  the  motor  area  of  the  brain.     Hence  if  the 
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coqMis  eallosum  is  divided  as  in  the  aU»vo  oxporimeni,  toniractions  on 
the  ifftm^  sitir  of  the  l^fnly  hh  that  from  which  the  rcreliral  hciiiiajjhcn? 
hjiH  been  roinoved  might  only  Ik?  Lixi>ectod.  Say  that  the  riifht 
heniisj*ht»re  is  excisoil,  The  stiniuluji  of  the  appiicd  elcctnxU'S  is 
conveyed  up  to  the  Iffi  hf^mistpherc,  whfise  motfir  nerve  cells  tkrv. 
aroused.  Contniction  folhjws  consequently  in  the  inusrh^s  (jn  the 
right  side. 

LileraiUft  on  Ifi^tiuni  CmyfUiatut  *f  th^  Cvrpus  Citifftum,  lt¥'4ir*nif  u^t^m  Um  i'**m* 
nMmmaiul  /"witi/ioit.— D*Alloco  (r.Hrmni  AiFwlbg) :  IMv.  clin.  r  t^mji.  Xfti»l«^  xi. 
IIS9,  p,  1«n,  Anton:  Zvtt*chr.  f.  II* ilk.,  vii,  iSiStS.  p.  53;  also,  other  rrfrtxiiCM 
in  idniir',  Berklej  (Tumour):  Am.  Joum.  Mcnt  Sc.,  Phik.»  xcix.  li*i»U,  \\  57*^, 
Bruce  (Al^rucei:  Prop.  Roy.  ^k.,  E^hii.,  xv.  ;  rt/*u,  Ritin  Lnh.  Roy.  t'oU.  Phv»,, 
Kflin.,  i.  188W,  p^  70.  Bnms  (Tuuioun*  ofl :  Berl.  ktin.  >VtH'U»jM'hr,  x%nL  l»*fi, 
l>p.  310,  3<J4.  Etchler  (Defect):  Airli.  f.  IXvchint.,  viii.  187H.  p.  3.ir..  HanyilMI 
(«»  R«fji.  iiriil*^f  UeiHTal  Lit4*rmtiire  on  Atmtorav  of  Nwvoni  SyntJ*n»t  t»  *6^)» 
telremna  iBmiu  without  C.  C):  NeumL  Cetiti^lhl.,  ix.  ISHO.ji.  162.  Kofinfi 
(Edwt  of  l>iviHit*u>  I  Attih.  f.  d.  ge«,  Phyiiiol.,  xlviu  l$l*0,  i>,  35,  Mejer  (Secomiiry 
l>f»l<»npmtioti«  of  UilitnUA  of  Euetphiiloii ) :  Mem.  Soc.  tie  im^d.  d<;  Stnislh.  xxiu 
1S84'S5,  p.  lis*  Omifrowicz ;  l>»^  IxilkenloHi'  Milcrocephalctt^tOtiiu  llofiiiut, 
l»d7  ;  aim*  lAlttsnoe  of)>  Arch,  f,  PMyrliiiit.»  xviii,  \m',  p.  30ri.  PagT^t  !>.  f-  i  : 
Mcd.'Chir,  Trmii«.,  xxlx,  U4rt.  p.  55.     PetrOTe  (Raw  l>MXM*it  af  Kat  iil  :. 

d.  r,  AtHi«*l.  niiHl-chir,  di  X*i>oli.   188W.  i.  p.  lr)3.      PoUAk  iPuHiul    1  : 

Arch.  f.  PwychUt.,  xil  l*t5<l,  p.  157.  Reinhard  (Kunet,  of  Corp,  C«IL  illuiti.  by  • 
Lecioii):  tciitmlbL  t  NVrvcidmlk.,  \\\\.  18Hrn  p.  4^^  Sander  (]McM?ti:  Arch,  t 
P*v*!liifit..  I  ri.  IMS,  Schaad  :  Kin  Full  vmi  <»lUin»  deu  CVirpus  caMosum,  1*S», 
Schroetef     AV,.h.mi,.i11v    Sh.irt):     A11>?.    ZUlir,    f,    Pavrhbit,,    xliv.    1J^.HM,    p.    408, 


Qweiiiaii  of  Ihorf  i  vurt^  <tf  PffnfmitM  Fthrca. 

Fi-om  the  resultis  of  exjH!riment.s  nuidi*  upon  the  cortex  it  is  evident 
that  the  pyrainidal  fibres  are  dcrivetl  fioin  Ji  wide  are^i,  so  wide  that 
it  is  a  tpifiition  ditftcult  to  answer  how  it  i»  that  they  become  so  con- 
oentrated  at  the  point  of  decuK«atian  in  the  pyramid*.  The  general 
notion  at  the  present  day  i«  that  the  fibres  is^uinf;  from  the  ci^lk  of 
the  cortex  in  the  area  from  which  they  are  derived  {mss  contiuiioiisly 
and  without  interruption  into  the  s^pinal  conl.  This  is  open  to 
cpieMion,  for  interwiuivinji;  itself  throughout  the  cortex  of  the  cerebrum 
and  csereljelhim  there  is  a  dense  jdexuii  of  nerve  fibres  a p;4rt  from  thoN? 
fihren  directly  i!4>suing  frtmi  the  nerve  cells.  It  wjvs  dcscnbwl  by 
Buuke,  B*>11,  Oerlacli,  UindtleiBch,  and  more  especially  by  Exner  (Xo. 
12,  Ixxxiii.  Ak  III.  I  J.  15,  1881,  p.  U>1),  and  is  seen  only  when 
itained  by  fjartictdar  met  hods. 

Thift  plexufi,  however,  i»  not  Cf»nHned  U*  thtt  cortex  of  the  cerebrum. 
It  i»  continuwl  inwanlii  and  twines  itueU  around  the  nene  fibre«i 
throughout  A  great  jwirt  of  the  white  matter.  The  laige  medullated 
nerve  fibrejs  from  the  cortex  run  into  the  whit<?  matter,  ami  Wctime 
nurrounded  almo#«t  immtMliately  by  a  dense  padding  of  this  nerve 
niTtwork.  The?  corticid  pU'xuti  is  a  mere  outcrop  of  thii«.  Thi*  np|M'ar- 
ance  pre^enttnl  by   it   in  the  centnim  ovale  a  short  way  within  the 
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cortical  gray  is  very  remarkable.  Between  the  fibres  and  filling  its 
meshes  is  the  granular  neuroglia. 

It  seems  likely,  as  Hill  suggests,  that,  since  the  discovery  of  this 
plexus,  our  whole  notions  of  what  are  known  as  nerve  ce7itre.%  and  of  the 
communication  that  exists  between  nerve  cells  and  fibres,  will  shortly 
be  revolutionised. 

One  of  the  possible  functions  exercised  by  it  may  possibly  be  that 
of  effecting  an  intercommunication  between  nerve  fibres  issuing  from 
the  cortex.  We  may  well  suppose  it  to  be  an  agent  of  reduction  and 
(association,  a  means  whereby  the  action  of  the  many  fibres  coming  from 
a  particular  cortical  area  may  be  combined  and  correlated  in  the  few. 

We  can  thus  understand  how  it  comes  about  that  the  })yramidal 
fibres  are  contracted  to  so  slender  a  band  when  they  reach  the  medulla 
oblongata  and  cord. 

Probable  Origin  and  Meaning  of  the  so-called  Commissures 
AND  other  White  Tracts  of  the  Brain. 

927.  It  is  a  remarkable  fact  that  the  chief  white  tracts  of  the 
cerebrum  maintain  a  ring -like  arrangement  round  its  ventricular 
.system  (Fig.  445,  III.  V.).  Thus  commencing  in  front  there  is  the 
genu  of  the  corpus  callosum,  with  its  two  pointed  extremities  abutting 
upon  the  anterior  commissure ;  below  this  the  anterior  commissure  (Fig. 
444,  A.  C).  Laterally  there  is  the  outer  capsule  (O.  C.)  continued 
into  the  parieto-occipital  band  (P.  O.  B.).  The  parieto-occipital  band 
again,  it  will  be  noticed,  circumvents  the  tip  of  the  posterior  horn  of 
the  ventricle  (Fig.  445),  and  is  continued  directly  into  the  splenium  of 
the  corpus  callosum  (C.  C).  The  ventricular  system  is  thus  enveloped 
in  a  continuous  ring  of  white  matter,  to  which  also  probably  belongs 
the  posterior  commissure. 

The  ventricular  cavity  of  the  brain  is  admitted  on  most  hands  to 
be  a  remnant  of  the  invertebrate  alimentary  canal.  Whether  it  has 
originally  been  an  oesophagus  or  a  stomach,  a  stomach  of  crustacean 
type,  need  not  engage  us  at  present.  The  probability  is  that  it  repre- 
sents what  was  originally  the  anterior  extremity  of  the  digestive  tract. 

In  accordance  with  this  it  comes  to  be  a  question  whether  the 
entire  commissural  system  and  its  adnexa  above  enumerated,  forming 
as  they  do  a  ventricular  ring,  do  not  correspond  simply  to  the 
oesophageal  ring  or  rings  of  the  invertebrate,  some  parts  of  the  ring 
being  much  evolved,  others  sunk  into  comparative  insignificance. 

Taking  this  view  of  the  matter,  the  two  inner  capsules  and  the 
cerebral  peduncles  would  represent  the  commencement  of  the  inverte- 
brate double  ganglionated  cord,  the  spinal  cord  the  same  continued 
backwards.  The  cortex  of  the  cerebrum  and  biisal  ganglia  would,  under 
such  circumstances,  be  the  analogues  of  the  gray  ganglia  attached  to 
the  invertebrate  ring. 

It  is  of  course  impossible  in  a  work  such  as  the  present  to  adduce 
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evidence  bearing  upon  this  theory.  It  may  lie  remarked,  howoror, 
that  the  author  has  never  seen  a  cnmrnmure  in  the  ordinary  acc<!iptation 
of  the  term  in  any  T>art  of  the  centml  nervous  system,  and  is  sceptical 
of  the  existence  of  such  a  structure.  The  combined  action  of  the 
two  halves  of  the  body  where  it  exist«i,  as  in  the  oise  of  the  omnial 
nerves,  seems  to  l>e  attained  certainly  by  decuj^sjitioii  of  tnicta  of  6bn*is 
but  not  by  the  union  of  correa|xjndiiig  nerve  colls  on  opposite  sides  of 
the  nervous  axL^  The  facts  of  aphasia,  indeeii,  seem  to  point  to  the 
conclusion  that  many  of  the  most  important  functions  of  the  brain  are 
controlled  from  one  side  only. 


Gkksral  LrrKRATUKE  o}t  Akatomv  of  Naavars  Sittbh. 


^  Adamiik  (0(>tlc  ChijMmA) :  An^t.  f.  Opiith.,  xxvi.  2  kh,,  IS80»  n.  187.  Aebf : 
SehemA  den  F«»rrv(?tUufi  tm  iu(*tii*ch.  it«hini  il  Ruckeumirk,  1885.  Auerbocll 
I  Aiitiro-ltttcml  Coluino  of  Cord):  Arch,  f,  path.  Anat.,  cxxi.  1890*  ti,  11>9. 
Balighim  (Crowiiiig  of  Motor  Tracts} :  I]«itr«  tw  Aont.  u.  Phyeiol  ^  Kdcluud^, 
GifUHMBii,  rlU.  1N7M,  p.  WKi  Bechterew  (Optic  Chi*sm») :  Kcarol  CcntmlbL,  l»|^ 
lie  jw  68;  (Ounir  of  Optic  lrc»ni  (Vjip,  guad.)  Neurol.  C^ntralliUtl,  18^3,  ii.  p, 
3d5  ;  (fi***  (CereMUr  I'Mum  lc«,i,  NtMiroloi?.  Centralbl.,  iv.  1S.S5»  p.  121  ;  «i(*«>  (Xew 
CoDuectioii  botwwti  riri^at  Olivr*  »fid  Cerebral  Curtox),  NfUroL  CVntTalbl.»  ir,  18.IS, 
p.  IM4 : 
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HcfiUfoniitA),  Arch.  f.  Annt.  ti.  Eritwieklrig!»geach.,  1886,  \\,  40S ; 

if  8n.  Oinl),  Arch  f.  Aimt.  u.  Kntwieklng^sgGsich.t  18$r.  fi.  13ft. 
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CHAPTEIi   LXXXI 
THE    NERVOUS    SYSTEM       Continuaf 

'J28.  TllK  term  aphasia  (TmuA^eau)  u  iiuwaday^  moetly  applied 
in  a  generic  seiiw?  to  expreiw  |)artial  or  complete  loss  of  the  power  of 
i4|je4r(:h  inmx  a  Uniiii  lesion.  Where  the  lo^  of  s|)eech  is  due  to  peri- 
pheral caiiM.'s  this  term  \a  not  emplo\'e<l.  Hroca  used  that  of  aphcmia 
ill  very  much  the  Hanie  sense.  The  loss  of  6|)eech  may  be  due  to  what 
\UmH  (No.  r>32,  p.  5)  called  the  fmU<ir^  dej>artment  of  the  speech 
mechaniMm,  or  t<j  wh;it  he  designates!  the  apj^irepi'u^  side  of  this 
mesrhanirtm.  The  former  is  mot4>r,  and  is  usually  regarded  as  being 
«-auM*d  by  inability  to  co-ordinate  the  lingual  muscles  for  the  production 
of  artif'ulate  ^^iunds ;  it  is  known,  consequently,  as  ataxic  aphasia. 
'I*he  latt<T  irt  M^nnory,  and  to  it  the  designation  of  amnesic  aphasia 
if  often  applie<l.  Although  in  many  cases  these  two  forms  of  speech- 
l<.'HKii«.*rtH  <K;cur  wr|jarat4'ly,  yet  the\'  may  l>e  combined. 

AnuK'rtir  aphasia,  however,  is  a  term  expressing  a  ver}'  complex 
group  of  j)henoniena,  the  chief  of  which  are  the  following  : — 

(\)  Loss  of  the  memory  of  names,  more  {Nirticularly 
ordiiuiry  nouns  and  proj)er  names. 

CJ;  Paraphasia,  or  the  condition  in  which  the  wrong  word  is 
unroiisciouxly  employed. 

(.'i;  Word-blindness,  where  the  individual  has  forgotten  the 
ni<*anirig  of  written  or  printe<l  syml)ol8. 

(\)  Word-deafness,  in  which  the  i>erson  fails  to  understand 
N|K»k«'n  language. 

'I'h#'  t<triii  agraphia  is  employe<l  to  express  loss  of  the  jwwer  of 
writing.  That  of  paragraphia  has  the  same  relative  significance 
:iM  |Kiraphariia.  Fleury  applied  the  word  aphthong^  to  a  form  of 
aphasia  (*haractvris4.Ml  by  s|)iism  of  the  muscles  supplie<l  by  the  hy|x)glo88al 
nerve  whenever  the  ]>erson  tries  to  spciik.     Alalia  is  an  old  term  not 
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now  ixsed,  and  which  had  very  ranch  the  same  significance  as  aphasia, 
I  Amimia  and  paramimia  are  employed  to  express  respectively  loss 
^^^d  in]|)airnient  of  intellectual  pantomime  ;  alexia  and  paralexia 
^H|os6   and    impairment   respectively   of   the   power    of    reading  aloud. 


m. 


flO.   l&a.^DtAG1UM]Uknc  SOOEKE  OF  TDl  MeCHAVISW  OF  SPtBCS  AlTD  OF  APEIASIC 
COKDITIONH. 

(3Q  Moffefxr  cpeocta  tutm  leading  doirn  to  motor  nerve  nucleus  in  metlulU  oblongnta  iind  efferent 
iMor  Qw«  (m) ;  (a)«ecHi»tlc  nerve  leading  up  to  &coiutlc  nucleuj  In  nieilullji  oblongata,  ui4  to 
^*Qa«|tie*rea(A>in  the  Omt  Lempoml  convolution  ;  (W)  writing  area  coHiinunicating  with  tlie 
Mter  bboIrui  la  liie  inednlU  oblongata,  au^l  with  wrHiujj^  nerve  (rr) ;  (V)  volitional  ar«a  communl- 
(ttlog  vlfb  the  writing  (W)  and  ipvaklti^  ur«aK<M>;  (A)  ucnuiftic  area  conuuuaicating  with  tlus 
ndlAaBaJ  anM(VX  and  witli  the  iipcech  area  (M);  (o)  optic  nerve  conijuuiiic*tlng  with  the  o|)tl« 
vol  (O)  tn  occipital  lobe;  (O) optic  am  eomniunlcatlng  witli  tlie  acoustic  area  (A) on  tbe  one 
bud  and  the  wriUng  area  (W)  on  th«  other. 

FizuUly^  by  asemasia  is  nnderati>ud  loss  of  the  power  of  communi- 
ciUiiig  thought  by  speech,  writing,  or  piintomime. 


The  Physical  Basis  of  SrEEcii. 

J29.  Through   the   repeated  stiranlation  of  the  nerves  of  sight, 
touch,  etc.,  a  particnlar  condition  of  the  cerebral  cortex  in 
iLition  with  each  of  these  nerves  is  at  la^t  brought  aljout.     The  con- 
vat,  ri  2  u 
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ilition  of  the  cortex  manifests  itself  functionally  sts  a  mental  residuum 
or  memory  t>f  these  vanous  impressktiis.  Thus  we  l^eeome  mindful 
thmugh  the  Honee  of  vision  that  an  ohject  such  aa  a  bell  has  a  particular 
fthape^  that  it  possesses  a  movaltl«  tongue,  etc,  ;  through  the  auditory 
channels  that,  when  set  in  motion,  it  emits  a  particular  sound  ;  and 
through  those  of  touch  that  it  has  certain  qualities  of  Imolness,  t*tc. 

The  separate  memories  of  the  impressions  accjuired  through  ihi* 
senses,  however,  in  course  of  time  Wcome  correlated  in  such  a  manner 
that  we  cannot  think,  say.  of  the  object  **  bt'll ''  without  insenmibly 
associating  them  in  a  conip«auid  image  or  concejjt.  There  must  there- 
fore be  a  close  eommisHural  interunion  of  the  various  fmrt^  of  the 
cortex  where  these  mental  residua  or  impressions  are  stored.  Once 
obtained,  the  combined  image  may  be  recalled  through  any  one  of  the 
original  jmths  whereby  the  impressions  have  been  conveyed.  Thus 
either  seeing,  hearing,  or  feeling  a  Wll  is  suffiiicnt  to  excite  in  con- 
sciousness the  notion  of  something  which  has  a  particular  shape  and 
structure,  which  when  moved  emits  a  particular  soiuid,  and  which  has 
the  feeling  of  metallic  hardness  and  coldness. 

In  learning  to  speak,  a  child  comes  to  know  that  a  certain  articulate 
sotmd  corresponds  to  the  concept  it  ha*  formed  through  its  sense  channels 
of  this  object.  It  learns  this  sound  at  first  purely  through  imitation, 
and  in  course  of  time  associates  it  with  the  concept  of  the  object  "Wll/* 
It  thus  heccjmeR  possessed  of  the  auditory  memory  of  words,  or  rather 
of  the  particular  syllabic  sounds  which  constitute  rom|>ound  words. 

The  centre  in  which  these  word-memories  iire  stored  nnist  therefore 
be  the  gre^kt  starting-point  of  language,  and  clinical  oVi^rvation  tends 
to  show  that  it  resides  in  the  tempoi  o-Hphenoidal  lol>e,  more  jwirticularly 
in  the  posterior  two- thirds  of  the  tirst  and  jmssibly  of  the  second 
temporal  con volnt ions. 

In  learning  t*>  pronounce  the  word,  the  co-ordinating  centre  for  the 
orO'lingual  muscles  has  to  he  edxicated,  and  this  is  accomplishecl  by  oo*^ 
ordinating  for  Bylkbles  fii-st,  anil  by  the  union  of  these  afterwards  inti> 
ctmiplex  words.  This  centre  correstM>nd6  to  Broca*s  convolutioQ. 
In  the  production  of  the  tvcal  pfirf  of  language,  in  which  the  larynx  is 
largely  concerned,  the  laryngeal  centre,  lying  as  it  does  cloee  to 
Hroca's  convolution,  must  similarly  l»ecome  an  educated  area;  and  as 
the  vocal  and  labUl  elements  of  voice  are  so  intimately  unite^l,  there 
must  bo  a  close  liond  of  imion  between  the  two  corresponding  centres 
or  areas*  Any  clissonance  in  their  interaction  gives  rise  to  the  con- 
dition known  as  staitimering'. 

We   have    got    therefore    as    far   as   having  n   eenJre  for  nutiihty 
iimfe$  nnd  ttmtfitr  fff7' matvr  ittui(f€s.     Let  them  be  represent4?d  in  the 
accomfNinying  scheme  (Fig,  453)  by  the  letters  A  and  M|  and  let  the' 
line  uniting  them  represent  the  connecting  tibres.' 

'  In  ruiuiLrucUiig  thU  Mhetiie  Xhe  Author  b«f«  to  ftekoowtedg*  hia  llide1>t«4&«a»  fot 
tnstty  aoggcsUotii  to  Lichthetm't  puf^r  oii  '*Ap1ia«(s**  (Original  ref*  No,  bX7,  iv» 
l»a4,  p.  Btl;  Hng,  traiui,  No,  6^1,  rti,  1885,  p,  433), 
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As  time  goes  on,  however,  the  child  does  not  re«jiiire  to  have  the 
object  presented  to  it  in  order  to  recall  the  appropriate  word.  It 
comes  to  be  able  to  do  so  at  will.  There  iiuist  therefore  be  a  higher 
or  rdUwHid  trnfre  in  connection  with  the  anditory  centre  on  the  one 
hand  and  the  pronouncing  centre  on  the  other.  Let  V  in  the  scheme 
represent  this  centre.  Its  exact  loadii*ation  is  mere  matter  of  con- 
jecture aa  yet,  but  possibly  it  may  be  widely  diffused  over  the  frontal 
and  prefrontal  regions.  Thf.vse  famous  for  command  of  an  extensive 
vocabulary  are  usually  characterised  l>y  the  gieat  development  of  these 
regions.^ 

The  next  step  in  the  mental  training  of  a  child  is  to  teach  it  to 
read.  This  also  at  first  is  purely  imitative.  The  chihl  is  told  that  a 
certain  symbol  stands  for  the  sound  corresponding  to  the  letter  **  A  "  : 
that  another  symbol  represents  **B*';  and  that  the  combination  of 
the  two  forms  the  syllable  "  Ab/'  Further,  that  various  syllables  may 
be  cond»ined  into  complex  words.  In  time  the  individual  letter.s, 
and  indeed  the  individual  syllables  of  a  complex  word,  lose  their  iden- 
tity, a.nd  the  symbolic  representation  of  the  whole  word  is  what  is 
recognised. 

Now  there  is  a  pretty  strong  opinion  at  present,  both  in  this 
country  and  abroad,  that  word  images  arc  perceived  like  other  visual 
imager  ;  that,  to  put  it  more  succinctly » the  area  for  the  perception  and 
memory  of  word  images  is  alike  with  that  for  the  perception  and 
memory  of  objects  in  the  material  world.  And  although  there  may  !>e 
a  difference  of  opinion  as  to  the  limits  of  that  area,  clinical  experience 
paints  to  the  occipital  lobe,  or  the  cuneus,  as  being  largely,  ii  not 
exclusively,  the  seat  of  it.  Let  O  in  the  scheme  represent  the  centre 
where  the  memories  of  such  symbolic  representations  of  words  are 
fliorecL 

Aa  it  fa  entirely  through  hearing  that  their  significance  is  learned, 
it  follows  that  the  storehouse  for  aiulitory  memories  and  that 
for  the  memorj'  of  their  symbolic  etfuivalents  must  be  in  intimate 
relatioDship.  We  have  seen  previously  that  the  auditory  area  in  Man 
is  located  most  likely  towards  the  base  of  the  tirst  and  possibly  of  the 
second  temporal  convohitions.  Let  the  connection  between  it  and  the 
visual  area  be  represented  by  the  line  uniting  them  in  the  Figine.  Are 
there  structurally  any  grounds  for  1>elieving  that  such  a  connection 
actually  exists  ? 

It  has  been  shown  previously  {p.  640)  that  through  the  occipito- 
parietal band  there  is  an  extensive  connection  between  the  occipital 
lobe,  the  tempore- sphenoidal  lobe,  and  the  island  of  Reil ;  and  fui-ther, 
that  the  island  is  again  connected  to  the  third  frontal  convolution. 
It  hsa,  moreover,  been  demonstrated  that  the  thin!  frontal  and  oper- 
cttlar  regions  are  extensively  united  with  the  temporo-sphenoidal  by 

'  Shaketpeare  and  Sir  Wdl«r  Scott  were  good  exnm|ilea  of  this.  Otit  of  a  possiljle 
Bsmber  «f  English  word*  apoantiag  to  b«tweeii  PO^OOO  and  100,000,  Shakespeare  u&e« 
AboQt  15,000,  MUton  about  SOOO,  and  an  agTicultuml  labourer  atxiut  300. 
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fibres  which  do  not  run  horizonUlly  as  those  of  the  occipito-paricttl ' 
haml  doj  but  Viy  others  whieh  «le8cend  through  the  external  layer  of 
the  outer  cAj)6ule  and  the  while  hulistance  of  the  i^lnnd*  ITiero  is 
giihstiuitiiil  evidence  therefore  to  show  not  only  I  hut  the  visusl  centre 
in  the  occipiud  lolie  i>*  liound  to  the  audit4>ry  centre  in  the  tomporo- 
jiphenoiilal,  but  that  these  further  tire  in  close  relationship  with  Broca's 
<5C>n  volution  iin«l  the  o[*ereuhir  region,  I 

In  ilie  normal  Btiite  of  the  liniin  the  impression  derived  fruin  the 
printed  or  written  word-synilKil  iu  rejiding  is  received  evidently  by 
the  oi'cipiuU  lul>o.  Thence  it  h  tran^f en-ed  to  the  eentro  for  auditory 
w^ord' memories  in  the  temporo* sphenoidal  lobe  Uy  way  of  the 
occipito  parietal  hand,  and  therein  is  properly  interpreted*  This  is 
evidently  dime  by  an  effort  of  the  will,  for  it  h  the  ex|>erience  of 
tx'ory  one  that  it  h  poesible  to  rend  without  tninsfurniing  the  written 
symlKjIs  into  their  eorrespondtng  auditory  memories,  while  by  volun-  m 
tary  concentration  w©  can  overcome  this.  We  may  lje  conscioiw  of  the  ^ 
eye  having  seen  the  symbols,  but  their  translation  into  language  has 
entirely  failed.  The  significance  of  the  printed  or  WTitten  Hymbol 
teems  to  be  perceived  only  when  it  has  amtused  the  corresponding™ 
anditory  memory.  The  stimulus  communicated  to  the  visual  centre  " 
alone  is  evidently  not  suflicient  to  accomplish  this.  Wliere,  so  to 
speak,  the  visual  impression  is  not  shunted  on  to  the  auditory  centre 
it  is  mdaningleas,  and  the  individual  is  suffering  from  temjiorary  word- 
blindness. 

The  laat  sUge  in  what  may  Ije  calle^J  the  prepiiratory  or  funda- 
mental education  of  the  chilil  is  that  it  is  taught  to  write.  This,  at 
first,  is  purely  imitative*  but  gradually  the  centime  for  the  co-oi-di nation 
of  the  muscles  concerned  in  writing  comes  to  Ik?  under  the  control  of 
the  w^ll 

The  writing  co-ordinating  centre  is  represented  in  the  scheme  hf 
W.  It  is  evidently  closely  associatetl  with  the  co-ordinating  ccntre< 
for  speech  (M),  seeing  that  the  same  lesion  often  destroys  them  both. 
The  higher  connection  with  the  wUl  centre  (V)  is  represenUMl  by  the 
line  joining  V  ami  W. 


I 


Ataxic  or  Motor  Auhasia. 

930.  Historical. — Ataxic  and  amnesic  aphakia  were  reeognised 
clinically  in  this  country  by  Kusaell  and  other  physicians  long  before 
'  enything  was  known  of  their  pathology'.  The  history  of  thifir  petho- 
''logy  commences  with  the  year  1H'J5,  when  BcjuiUatid  ^  colleetecl  e  series 
of  eaees  to  show  that  the  faculty  **f  speech  resided  in  the  frontal  lobee. 
In  the  year  1836  M.  Dax^  in  a  piper  read  to  the  Medic/il  Congrese  of 
Montpellier,  stated  as  a  result  of  his  researches  that^  where  speech 
WAS  loet  from  central  causes^  ho  believed  the  leeian  was  invai-iably 


A  ftee  Bfbltof.  for  hwtoHcAl  r«f«rioost. 
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Academy.  Bouillauds  viewu  were  also  disinteiTed  from  the  oblivion 
they  hatl  falleu  into  by  Auhiirtiii,  and  in  the  year  1861  were  hrougbl 
by  him  l»efore  the  notice  of  the  Anihrupi»lu<^V-nl  StH:iety  of  Faria. 
Broca^  who  was  present  at  the  meeting,  had  a  jmtient  iiiuler  his  cars 
at  the  time  who  ha^l  l>een  ajihasic  for  twenty-one  years,  and  who  w*i 
in  an  almost  moribund  stat^.  The  autopsy  pi*oved  of  great  intereist^  sa 
it  W9M  found  that  the  lesion  was  confined  to  the  left  side  of  the  brain 
and  to  what  we  now  call  the  thini  frontal  convolution.  Brcnra  iima 
struck  with  the  coincidence,  and  when  a  similar  cage  came  under  his 
dire  some  time  afterwards,  unaware  of  what  ha*l  bt^en  done  by  Dax,  ha 
postulated  the  conclusion  that  the  integrity  of  the  thirtl  left  frontal 
convolution  and  perhaps  aUo  part  of  the  second  is  esseiktial  for  speech. 
In  a  uubfteqiient  series  of  fifteen  typic^il  instjinces  examined  it  waa 
found  that  the  lesion  hml  destroyed,  among  other  parts,  the  ix)«t€rior 
third  of  the  third  frontal  in  fourteen.  In  the  fifteenth  ease  the 
dciitruction  had  taken  place  in  the  i-sland  of  Keil  and  tcmpond  lolie. 
Among  the  first  confirmatory  cases  notict?d  in  this  country  were  thoae 
carefully  annotated  by  Sanders,  one  of  which  hapjiened  to  hiivo 
implicated  the  iaiand. 

Broca'i!  discovery  is  of  particular  intoreat  not  only  becatiBe  it 
aerve<l  to  localise  the  speech  centre,  but  because  it  is  the  first  instance 
of  cortical  hMMlisafinti  orj  rccnnL 

Vital  Phenomena,  —  The  individunl  is  speechless  but  not 
necessarily  wonlless.  Emotional  words  such  as  oaths  or  words  which 
have  bect>me  automatic  may  be  rctjiined.  Sometimes  the  last  sen- 
tence utlere<l  by  the  individual  at  the  time  of  the  embolic  or 
apoplectic  insult  is  capable  of  being  repeated.  Again,  meaning- 
less syllables  such  as  •'tin- tin -a- tin"  may  \te  the  only  articiihite 
sounds  the  person  can  utter.  At  the  sjime  time»  in  uncomplicated 
cases,  the  patient  untlei'^tands  |jerfectly  what  is  said  to  him,  and  may 
otherwise  maint^un  the  use  of  his  mental  faculties. 

Ordinary  thought  in  a  healthy  individual  is  nstially  accompanied 
by  muscular  contraction  of  H^ome  part  of  the  body.  We  see  this  daily 
in  the  gesticulations  of  a  j>er$on  speaking  excitedly  arnl  in  the  move- 
ments of  the  lijjs,  and  often  unconscious  uttei-ance  of  aitieulaie  sounds^ 
in  deeply  introH[»ectivc  individuals,  as  well  as  in  the  manifestations  of 
•0-called  "thought-readittg/'  Bain  in  fact  takes  the  view  that  thought  is 
in  great  part  effected  through  internal  speech — that  is  to  say,  by  faini 
co-ordinate  contractions,  symbolic  of  ideas,  of  the  articulatory  muscles. 

In  most  cases  of  motor  aphasia  this  intellectual  jiantomime  is 
retained.  The  patient  makes  strenuous  muscular  efforts  to  express  bis 
ideas,  these  Inking  fpiitr  clearly  present  to  him. 

In  some  instances,  however,  there  may  be  complete  amimia. 
When  this  is  so,  more  or  less  amnesia  or  sensory  aphasia  will  he 
found  combined  with  the  motor  defect.  Indeed  the  two  are  often 
asaociatod  to  l^egin  with,  fmt  the  sensory  or  ingoing  phenomena  after- 
waida  disappear.     The  hemiplegia^  a6  a  rule,  is  slight  in  instancoa  of 
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re  motor  aphasia.  Combined  sensory  and  motor  aphasia  k  probably 
Iwajs  present  in  cases  in  ^vhich  the  loss  of  speech,  if  persistent,  ia 
companied  by  decided  heniifilegia  (Ross,  No.  5S2,  p,  10). 

Th  hemiphgia  is  usuaJly  a  well-marked  phenomenon.  In  the  vast 
majority  of  cases  it  is  right-sided.  This  is  owing  to  embolism  of  the 
middle  cerebral  artery  being  the  commotiost  ciiuse  of  aphasia,  and  to 
the  embolus,  for  some  not  very  evident  reason,  being  driven  into  the 
left  vessel  The  middle  cerebral,  it  will  be  rememliered  (p,  009), 
supplies  the  thinJ  frontal  convolution  posteriorly,  and  also  the  greater 
I>art  of  the  motor  area  of  the  cortex.  Hence  the  paralysis.  So 
severe  is  the  effect  of  stoppage  of  the  artery  at  it^  origin  that  death  may 
ensue  within  a  few  hom-s.  It  is  eeklom,  however,  that  tliis  happens, 
the  tendency  being  for  the  individual  to  recover  from  tlie  primary 
effects  of  the  obstruction-  In  most  cases  the  hemijilegia,  which  at  first 
raay  have  been  complete,  is  partially  recovered  from. 

There  are  a  few  cases  on  record,  such  as  that  related  by  Remonat 
and  Frebault  (No.  1G6,  No.  liii.  1S81),  where  hemiplegia  hais  been 
entirely  wanting.  After  death  the  chief  motor  centres  were  un- 
involved  in  the  softening  which  had  partly  destroyed  the  third  frontal 
~  the  injury  to  the  third  frontal  be  superficial,  as  in  that  caused  by 
,  spicule  of  lione,  this  is  the  usuji!  result. 

Motor  Aphasia  without  Lesion, — Functional  aphasia,  that  is 
to  «ty,  aphasia  without  any  perceptible  lesion,  occurs  after  an  epileptic 
attack  or  in  hysteric^il  women»  sometimes  in  hysterical  men.  A  com- 
plete and  sometimes  fatal  form  of  aphasia  without  structui-al  injury  is 
met  with  in  puerperal  women  and  in  others.  It  may  be  accompanied 
by  coma  and  other  signs  of  an  ajxjplectic  effusion.  The  brain  after 
deaith  is  found  to  be  free  fi-om  any  recognisable  lesion.  It  is  {)0ssible 
that  this  remarkable  condition  is  to  be  accounted  for  liy  temporary 
spasm  of  the  middle  cerebml  artery. 

Nature  of  Motor  Aphasia* — ^The  disease  is  usually  ranked 
Along  with  locomotor  ataxia  as  one  of  simple  incoordination  of  the 
nrticulatory  muscles.  Ross,  however  (No.  532,  p.  97),  although  not 
den^nng  that  there  is  an  incoordination  of  action,  traced  the  loss  of  the 
power  of  articidation  to  a  true  j^andysis,  and  explained  the  itico- 
ordination  in  the  same  way  as  he  would  diplopia  resulting  from 
paralysis  of  certain  of  the  oculD-motors.  The  accompanying  hemi- 
plegia, he  says,  supports  this  Y\ew. 

Seat  of  Lesion. — As  stated  by  Broc^i,  the  classical  seat  of  the 
lesion  is  the  posterior  p[irt  of  the  third  frontal  convolution.  The 
centre  concerned  with  this  form  of  aphasia  is  far  more  circumscribed 
thiin  that  for  any  of  the  amnesic  varieties.  As  shown  by  expert- 
ments,  this  locality  and  the  neighbouring  base  of  the  ascending  frontal 
are,  in  the  monkey,  the  [>;uts  of  the  cortex  concerned  with  the  move- 
ments of  the  tongue  and  lips.  Exner  {No.  546)  says  that  the  most 
intense  part  of  the  hypoglossid  field  in  the  cortex  lies  at  the  point 
where  the  second,   third,  and   ascending'  frontal    convolutions    meet. 
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Ihcnce  the  corresponding  fibres  pass  backwards,  accortling  to  Kaiy- 
mond  And  Artaud  (No.  49,  1884),  and  join  the  knee  of  the  inner 
capsule.  They  nin  down  in  the  eras  cerebri,  cross  the  middle  line^ 
and  join  the  hypoglossal  nucleus  on  the  floor  of  the  fourth  veniriclc. 

The  island  of  Reil  was  found  by  Bi-oca,  Sarulei-s,  and  Meynert  to 
be  largely  implicated  in  certain  cases.  The  destruction  has»  however, 
generally  extended  upwards  towards  the  thinl  frontal,  and  has  probably 
cut  across  the  fibres  issuing  from  it. 

There  is,  however,  no  authentic  case  on  record,  so  far  as  the  author 
is  aware,  where  a  pure  and  undoubted  motor  aphasiii  has  resulted  from 
a  focal  lesion  of  the  inner  capsule,  cms,  ptms,  or  modulln,  a  fact  which 
is  difiictdt  to  explain  and  is  well  worthy  of  investigiitit*n, 

BMymoml  luid  Artaud  liuve  brought  forward  iK>me  doublfnl  [positive  evideot^  on 
the  iiilijiH!t.  Tb#y  »tiili».  liow<?vfr,  that  even  in  alleged  instance*  of  motor  afdtuia 
from  ii^jiiry  to  ih^  trant  and  not  of  the  centre,  the  power  of  spe^h  i«  always  regained, 
Broadbent  has  mdoavourf^cl  to  cjtplain  this  coincidence  through  a  path  comparativety 
■cldom  nwrl  being  opened  np,  namely,  that  nnsning  acro«B  tlie  oorpui  calloauin. 


Anakmical  Connexions  of  the  iUirU  emttnad  with  Mi*fer  Aphama, 

The  fibres  issuing  fmm  the  thinl  frontal  convolution  seem  to  have 
wide  connections  with  disULtit  part^  uf  the  bmin.  Thus  we  taw 
previously  (Sect,  924)  that  they  run  downwards  into  the  tempore^ 
sphenoidal  lobe  ;  bsickwiirds  thn>U|;h  the  intermediation  of  the  island 
of  Reil  to  the  occipital  lobe  j  and  forwards  to  curve  round  the  ventricle^ 
to  cross  in  the  corpus  caUosum,  and  to  enter  the  inner  ca^wule  of  the 
opposite  side.  Whether  any  of  them  pass  directly  Ixickwanls  into  the 
inner  capsule  of  the  same  m\v,  is  not  quite  clear.  There  is  great  <liffi- 
culty  in  making  out  such  a  cfinnection  by  any  method  nf  ittvestigation. 
The  tUrect  pynimidal  fibres  siM-m  to  be  derivcil  mainly  from  the  vertex 
and  from  the  lateml  aspect  of  the  hemisphere  for  about  two-thirds  of  itA 
extent  in  a  direction  downwards  from  this.  They  also  seem  to  eoise 
from  the  convolutions  lying  on  the  mesial  aspect  of  the  hemisphere. 

Do  the  fibres  derived  from  the  third  frontal  convolution  pass  down 
crmtinuously  int^i  the  [ions  and  medulla?  It  seems  very  drnibtf\il  if 
they  do.  The  greater  part  of  them,  after  entering  the  ant^^rior  Hmb 
of  the  capsule,  st*em  to  end  in  the  large  giinglia  in  this  neighlitjurhood. 
How  it  is  that  they  liecome  connected  with  the  nuclei  of  the  motor 
glo*i*o  labial  nervts  is  difficult  to  explain,  for  were  the  conneetion 
direct  and  continuous,  it  wouUl  In?  ex|j6cted  that  motor  aphasia  wotilil 
1k>  of  common  occurrence  from  destructive  lesions  in  parts  below  the 
liaaal  ganglia.  We  know  that  the  opposite  is  the  case  ;  indeed  it  it 
doubtful  if  a  tnn*  motor  aphasia^  or  anything  approaching  to  it,  hjui 
ever  resulted  from  a  lesion  of  the  pons  even  where  both  sidea  hare 
been  equally  afiected* 

Bilateral  Effect — The  ordinary  movements  of  the  mouth  and 
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tongue  appear  to  be  regulated  from  both  oro-lingual  centres,  that  of 
speech  from  only  one.  In  right-handed  individuals  the  left  centre  is 
apparently  that  which  is  educated  for  speech  purposes.  This  at  any 
rate  is  the  general  supposition.  In  persons  who  are  left-handed  the 
lesion  has  been  foimd  on  the  right ;  but  Paget  (No.  6,  1887,  ii.  p.  1258) 
recorded  a  case  where  right  hemiplegia  and  motor  aphasia  were  present 
in  a  left-handed  individual,  and  where  presumably  the  lesion  must 
have  been  on  the  left  side.  There  is  a  remarkable  dearth  of  evidence, 
it  must  be  confessed,  as  to  the  effects  of  focal  destructions  of  the  right 
tliird  frontal  convolution,  owing  to  its  being  very  rarely  injured  by 
embolism. 

It  has  been  suggested  by  H.  Jackson  that  the  mechanism  for 
expression  of  oaths  and  other  recurring  utterances  may  be  localised  in 
the  general  motor  centre,  and  be  thus  preserved  to  the  individual 
when  that  for  intellectual  language  is  destroyed. 

So  far  as  known,  recovery  of  function  is  never  attained  after  the 
destruction  of  Broca's  convolution  in  adult  life.  In  children,  on  the 
contrary,  recovery  is  the  rule,  the  explanation  usually  afforded  being 
that  the  right  centre  takes  on  the  function  of  the  left.  Partial  recovery 
of  speech  in  the  adult,  however,  has  occasionally  been  noticed  (B.  Tuke, 
Fraser,  Ferrier). 

On  turning  back  to  Fig.  435  it  ^vill  be  seen  that  the  third  frontal 
convolution  is  placed  peculiarly,  in  that  it  is  not  an  isolated  centre 
but  overlies  parts  of  importance.  These  are  the  outer,  middle,  and 
inner  callosal  tracts  (see  Sect.  924),  and  farther  back  the  conjoined 
band,  into  which  the  first  and  second  of  these  merge.  The  meaning 
of  these  tracts  is  as  follows  : — 

The  outer  and  middle  are  composed  of  the  fibres  which  have 
already  crossed  in  the  corpus  callosum,'and,  having  circumvented  the 
anterior  horn  of  the  lateral  ventricle,  are  now  turning  backwards  to 
enter  the  inner  capsule.  Before  entering  the  capsule,  however,  they 
unite  in  the  above-mentioned  conjoined  band.  To  this  conjoined  band 
are  also  superadded  fibres  which  probably  are  derived  from  the  frontal 
lobe  of  the  same  side,  and  which  become  united  to  the  basal  ganglia 
without  crossing. 

The  inner  tract  is  composed  of  the  fibres  of  the  frontal  region 
which  are  about  to  cross  in  the  corpus  callosum,  and  of  those  which 
have  already  crossed  and  which  are  about  to  turn  round  the  ventricle. 
The  latter  split  into  the  tractus  externus  and  medius. 

It  will  be  noticed  that  the  gray  matter  of  the  third  frontal  con- 
volution closely  overlies  these  tracts,  and  it  is  evident,  therefore,  that  a 
deep  penetrating  lesion  of  the  neighbourhood  of  the  third  frontal,  such 
as  usually  follows  embolism  or  is  the  result  of  a  focal  haemorrhage, 
would  destroy  not  only  the  fibres  issuing  from  the  third  frontal  of  the 
same  side,  but  would  also  cut  across  those  fibres  of  the  same  neigh- 
bourhood which  have  crossed  in  the  anterior  extremity  of  the  corpus 
callosum.     What  the  exact  effect  of  this  must  be,  seeing  that  we  know 
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nothing  of  the  function  of  these  docussiiting  tibres,  remains  dubiou«^ 
Whether  they  constitute  the  ordinary  path  for  the  regulation  of  the 
oro-lingual  muscles  in  speech,  or  whether  this  path  lies  directly  back- 
ward on  the  same  side  towards  the  inner  capsule,  remains  unknown. 
As  previoual}'  stated  (p.  664),  the  h/i  third  frontal  region  alone  seeiDS 
to  regulate  tlie  movement  of  these  muncles  for  articulate  sounds ;  and 
indeed  the  pheriumetui  of  Herigory  aphasia  are  also  usually  called  forth 
by  a  left-sided  lesion.  Whether,  however,  the^e  fibres  which  cross  in 
the  corpus  callosum  to  gain  the  descending  jmths  in  the  opposite 
internal  capsule  are  bound  up  with  the  movements  of  the  onvlingual 
muscles  for  ordinary  purposes,  is  well  worthy  of  further  elucidation. 


AuRAFHiA  (i  priv.,  and  yf>a<jK  I  wt'Ue). 


93  L 
morbid 
aphasia 


Pure  and  unconiplicaterl  agraphia  is  among  the  rarest 
sj>eech  [ihenomena.  It  is  usually  complicated  with  motor 
and  henjiplegia-  One  inf^tance  of  pure  agraphia,  however, 
Iff  reported  by  Pitres  (No.  3^3,  No.  xi.  1884»  p.  85*^).  It 
cK'cuned  in  the  |icrson  of  a  man  thirty-one  years  old  who  had 
previously  \>emi  sj'philitic.  He  was  not  14ind,  and  did  not  suffer 
from  word -deafness  or  wonl- blindness.  He  understood  everything 
that  was  said  to  him.  He  was  also  free  from  any  jjaralysis  of  the 
extremities.  This  man  could  draw  geometrical  figim?s,  sketches  of 
faces,  etc.,  and  he  coidd  cu])y  manuscri[)t,  but  his  power  of  volitional 
writing  had  vanished. 

Pitres  distinguishes  three  forms  of  agraphia,  namely — 

( 1 )  A.  from  word-blindness,  where  the  individual  fails  to  copy  wflj 
is  put  before  him. 

(2)  A,  from  word-deafness,  where  he  fails  to  write  to  dictatiotL 

(3)  Motor  agraphia  or  grapboplegia,  in  which  volitional  v*Titing  ia 
lost 

The  writing  centre  must  lie  very  close  to  Broca's  oonvolutioo* 
seeing  that  it  is  so  often  implicated  in  flestmction  of  the  latter.  It  ia 
reckoned  that  it  must  be  about  the  base  of  the  second  left  frontid 
convolutiiin, 

Parag^raphia   is   a   still    nirer    affection.     The    individual 
consciously  writes  the  wrong  word. 


ional 


Amxksic  (Sknsoky)  AruAsiJL 

932.  HistoricaL — English  physicians,  as  previously  referred  Uv| 
IluI  recogni84Ml  the  difference  between  motor  and  sensory  a|>haAia  long] 
iN'ffjre  any  attempt  at  localisation  of  the  resjiective  lesions.  It  is  toi 
Wernicke,  however  (No.  ^fjO),  that  we  are  indebted  for  the  knowledge  j 
that  t^e  legions  in  the  two  cases  occupy  different  j)art8  of  the  cerehnJ 
cortex.     Kussmaul    (No.    206,  3d  v.)   generally    gets    the    credit    of 
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describing  and  naming  the  varieties  known  as  "  word-deafness  "  and 
"  word-blindness. " 

Varieties. — As  before  mentioned,  the  term  "amnesic  aphasia" 
comprehends  several  diseased  mental  conditions  associated  with  speech, 
namely — 

(1)  Loss  of  the  memory  of  names. 

(2)  Paraphasia,  or  the  use  of  wrong  words  unconsciously. 

(3)  Word-blindness. 

(4)  Word-deafness. 

It  is  seldom  that  these  occur  separately.  The  chain  which  links 
together  the  various  centres  concerned  in  their  production  cannot  be 
severed  without  deranging  the  whole  apperceptive  speech  mechanism. 
In  no  case  is  this  interdependence  better  exemplified  than  in  cases  of 
word-blindness  and  word-deafness. 


(1)  Loss  OF  THE  Memory  of  Words  (Amnesia  verbalis). 

933.  By  an  effort  on  the  part  of  any  normally  -  constituted 
individual,  be  it  of  the  will  or  of  other  agency,  it  is  possible  to  recall 
the  memory  of  a  word  whose  sound  has  once  made  a  deep  impress 
upon  the  brain.  This  power,  as  every  one  knows,  sometimes  fails 
temporarily,  and  of tenest  when  the  brain  is  exhausted.  It  returns  with 
the  necessary  rest.  It  is  a  power  which  apparently  diminishes  with 
old  age.  Its  loss  amounts  to  a  truly  diseased  state  in  certain  brain 
lesions  of  no  very  constant  location.  The  word  can  in  most  cases  be 
recalled  by  the  sight  of  the  written  or  printed  symbols  corresponding 
to  it 

Broadbent  (No.  521,  i.  1879,  p.  496)  asserts  that  sometimes  concrete  nouns  are 
tlone  forgotten,  but  Ross  (No.  532,  p.  110)  doubts  whether  this  can  be  so  without 
the  other  parts  of  speech  being  impaired. 

Broadbent  {loc,  cU.)  also  draws  attention  to  a  frequent  variety  of  this  affection, 
DAinely,  where  names  are  more  or  less  remembered,  but  where  there  is  loss  of  the  faculty 
of  con8tructing  a  sentence  which  shall  convey  the  ideas  to  be  expressed  regarding 
tliem,as  in  the  example,  **  Brother,  brother — New  York — America— two  brothers  in 
America— letter." 

The  site  of  the  lesion  associated  with  this  condition  is  unknown. 


(2)  Paraphasia. 

934.  As  an  example  of  what  is  meant  by  the  term,  the  following 
from  a  paper  by  Broadbent  (No.  521,  i.  1879,  p.  487)  may  be 
taken : — The  instance  occurred  in  the  person  of  a  man  who  eight  years 
previously  had  contracted  syphilis  and  had  become  suddenly  hemi- 
pkgic.  He  was  asked  to  read,  "  You  may  receive  a  report  from  other 
sources  of  a  supposed  attack  on  a  British  Consul-General.  The  affair, 
however,  is  utterly  unworthy  of  consideration.     No  outrage  was  even 


6611 


THE  NERVOUS  SYSTEM 


nj9t¥ 


intend tni,  and  the  report  is  duo  to  the  misrepresentation  of  facts.  T!» 
OdeKsji  line  is  again  working  pru|ierly/'  It  was  read  by  the  [)aticnt 
slowly,  and  in  a  jerky  manner,  aa  nearly  as  it  could  lie  Uken  down 
phonetiatlly  thus :  **  So  sur  wisjoe  eoz  wenement  ap  ripsy  fni  fnu 
fcncment.  wiz  a  seconco  coz  foz  no  Sophias  i  thee  freckleil  jKithy 
con<41ied.  This  affaise  eh  oh  cent  oh  curly  of  consequences.  Uee 
sndos  val  oh  m  es  enUin  ah  thoe  eiiei>ol  a  oh  de©  &  ah  messenuenoe  oh 
coz  fijz.     Tilt*  iissoil  lens  &  pult'  piti  miss  corres  povety.** 

Just  a;^  in  most  other  ciises^  there  is  a  certain  imperfect  corre* 
8|3ondence  botvreen  the  number  and  length  of  the  wonls  but  otharw!M» 
no  resemblance  to  the  original 

The  seat  of  lesion  causing  this  peculiar  st^ite  is  as  yet  undetcrmineiL 
West,  however,  quotes  a  case  (No.  59,  18Hr),  i.  p.  Ill),  combined  with 
complete  wonbblindness  aiid  |>jirUaI  woixlHleafness,  where  the  leaiioti 
was  fiitnated  in  the  left  angular  iind  snpiii  nuirginal  gyri  and  inhind  of 
Eeil,  and  in  which  IJitica*;*  convohitiou  and  the  two  ciijjAules  were  pre- 
served  while  the  fir^t  iomjx:»ral  convolution  was  deeply  inidermined. 

The  term  paralexia  is  sometimes  applied  to  a  condition  such  as 
the  above  quoted,  where  the  paraphasia  is  manifested  on  rmdhi^ 
aloud* 


(3  and  4)  WoRD-BLrNPXESs  (Cfrrr.^  verbalis),  KussMAn. — ^Aii- 

NEHIK     VKHBALE    VISl'ELLE ;     AND     WuIIB-DkAFKKSS    (StUfrnTis 
\i:ilBAU8),  KUH8iUVL. 

935.  By  the  former  of  these  terms  ia  meant  the  loss  of  the  pQWtr 
of  interpreting  written  or  printed  BymlMils  while  vision  is  utiimpatred. 
By  the  latter  i>^  indicated  a  loss  of  the  jxiwer  of  underMtsitiding  s|Jokeii 
language,  the  sense  of  hearing  not  )>cing  defective.  They  are 
frequently  combined. 

In  th**  wonM>lind  imlividual  the  meanings  of  |inntefl  and  writtOQ 
•ymlK»ls  of  s{>eeeh  fail  to  arouse  the  idea  they  arc  intended  ti>  con\*ey. 
The  subject  of  it  may  be  seen  poring  over  a  newspaper  or  iK^k  for 
hours  without  ha\ing  gained  any  idea  of  what  knowledge  the  printed 
aymboU  convey. 

In  Romo  recorded  examples  there  was  marked  pi^ychical  blindness 
along  with  won  1  blind neBH  that  is  to  say,  faihire  to  inteq»ret  the 
meaning?)  of  objects  seen.  Starr,  in  fact^  looks  upon  word-bLindness 
simply  as  a  [mrt  of  j)6ychical  blindness. 

Curiously,  the  [Mjwer  of  understanding  figures  sometimes  remains* 
and  the  individmd  is  e;i|»able  of  adding  iigun^  correctly  together. 
(See  caae  by  Suckling.  No,  G,  18HG,  i.  p,  G^Jl.) 

In  the  word-deaf  individual  spoken  langimge  is  meaningless, 
although  written  symbol§  may  be  interpreted.  Such  individimls  are 
often  supposecl  to  l>e  deaf  or  mentally  wanting  from  the  unmeaniiig 
stare  with  which  they  resix>nd  to  questions. 

The  lesions  in  both  of  these  conditions  have  as  yet  always  been 
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found  on  the  left  side.  In  eleven  instances  of  pure  word -blindness 
collected  by  A,  Stiirr  (No,  521,  xii.  1890,  p.  fcf6)  the  Icsiun  was  found 
to  be  somewhat  irregularly  distributed.  The  angular  gyrus  was 
affected  in  five  crises,  the  oceipit<il  lobe  in  five,  the  temporal  convolu- 
tions in  three,  the  inferior  parietal  region  in  three,  and  the  supra- 
niarginiil  gyrus  in  two.^  The  convolutions  lying  at  the  base  of  the 
temporo-gphenoidai  lobe  seem  from  this  and  other  analyses  to  be  those 
meet  frequently  implicated — that  m  to  say,  the  angular  and  sirpra- 
mar^'nal  gyri,  together  with  portions  of  the  origins  of  the  first  and 
iscond  temporals. 


flu.  4.V>. — Ltrr  CcsKBiiAL  UeMisPiicHK  rROM  a  Case  nv  Vi\muH>:xf^k^  riunwrMi  D*j<TRrt'TiuN 

Of    T«E     lUFBRIO*     PAJlirrA.L     LuBULE     ASK     PoHTEHIOtl      VmKJ     VY     KuLvF     IKMRuRAL     ClVAITg 

(WlnieiWOTtli), 

Id  seven  examples  of  pure  word-deafness  collated  by  A.  Starr 
(No.  521,  xii.  1890,  p,  86),  the  lesion  was  limited  to  the  firsst  and 
second  temporal  convolutions  in  their  posterior  two- thirds.  From 
iceumulated  instances  of  the  condition,  the  generally^ccepted  con- 
clusion is  that  the  posterior  half  of  the  first  temporal  eon  volution  is 
that  which  is  oftenest  the  seat  of  destruction. 

'  By  ** inferior  parietal  region"  he  meana  the  |Jortioiis  of  the  gyri  Kiipra. 
aiftn^D«li9  and  anguUria  iocluiiyfl  between  Pa  and  P,/  in  Eeker*s  side  view  of  the 
ttflbnl  Kemisphere  (ie«  Fig.  427),  buunded  above  by  the  interparietal  sulcus  and 
bclov  by  the  first  temporal  mile  us. 
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The  Mechanism  af  fFcrd'Deafness  atid  Wcfrd- Blind fui$. 

The  occipitotemporal  s^atem  subservieDt  to  speech  is  eompoeed 

e«*entially  of  four  pirts,  namely  :  (1)  the  visual  centre  in  the  wcipitnl 
lobe;  (2)  the  auditory  centre  in  the  temporo-sphcnoidHl  lolie  ;  (5> 
the  fibres  of  the  oc€ipito-tem[>oml  band  uniting  these  ;  and  (4)  the 
[jeripheral  appanitus  (optic  nerve,  tract,  and  ctnebnil  ex|mnsion^  and 
auditory  nerve  and  cerebral  expansion)  serving  to  connect  the  optic 
and  innlitory  centres  with  the  outer  world.  There  are  also  four  seta 
of  pht;noTuena  through  the  perception  of  which  a  destructive  1e«ion 
in  these  four  individnsd  jmrts  nmy  be  localised. 

If  the  occipital  lobe  on  «»ne  side  b(^  destroye*!,  more  or  less  cortical 
blindness  will  result;  if  on  iMith  sides  the  individual  is  psychically 
blind.  In  the  former  case,  visual  memones,  although  blunted,  aie  nt)t 
entirely  forgotten,  and  can  be  aroused  through  channels  other  than 
the  optic  ;  in  the  latter,  not  only  is  the  individual  blirub  but  visual 
memories  fait  to  be  stimulated  through  any  other  \mi{\.  Thus,  in  the 
former  case  (cortical  blindness)  there  would  tw  hemianopsia  with  an 
ill-de6ned  sejjanition  Iwtween  the  dark  und  the  illuniinetl  half  of  the 
field  of  \ision  ;  a  [lencil  of  light  let  fall  on  the  pandysed  side  of  the 
retina  would  still  cause  contraction  uf  the  pupil ;  and  the  visiuil 
memories  connected  with  an  unseen  object  like  a  Ijell  could  readily 
enough  be  aroused  by  sounding  it.  In  the  latter  case  (psychical 
filindnt^ss),  although  the  pupil  reflexes  remain,  the  ])ei^eption  of  colour 
and  even  of  light  has  most  likely  gone,  and,  moreover,  the  sound  or 
feeling  of  an  object,  say  a  bell,  fails  to  arouse  reooUection  of  what 
that  object  is  like. 

If,  oti  thii  other  hand,  the  individual  fail  to  see  an  object,  but  tf 
the  visual  Tnr^mory  of  that  object  can  be  recalled  through  the  other 
aenses ;  if,  for  instance,  the  individual  eaimot  see  a  bell,  but  if  the 
•oiintl  given  out  from  it  recall  the  memory  of  what  a  bell  is  like,  theii 
the  defect  is  not  in  the  visual  area  of  the  occipital  ]ol>e,  but  in  the  con- 
ducting  paths  leading  up  to  it.  We  see  this  condition  illustrated  in 
a  person  who  has  become  blind  late  in  life.  It  is  rendered  possible  by 
the  intimate  relationship  subsisting  between  the  centres  of  sfiecial 
sense  ;  for,  gninted  that  a  particular  sense  centre  (such  us  the  vi^sual) 
is  not  annihilated,  the  piirticular  memories  stored  up  in  it  can  be 
anjiised  through  many  ditlerent  paths  besides  that  in  most  direct 
communication  ^ith  the  periphery. 

It  would  seem  that  ordinary  sounds  are  2>erceived  and  their 
memories  stored  up  probably  on  both  sides  of  the  brain.  Word* 
memorida,  however,  so  far  as  clinic^il  experience  teaches  us,  are 
l^tamad  only  on  the  left  side.  When  the  word  memory  centre^ 
sitnAted  as  it  is  somewhere  about  the  jM>aterior  two-thirds  of  the  firrt 
mod  second  temporal  convolutions,  is  entirely  destroyed  the  individual 
•itfTeri  from  a  condition  which  might  be  called  psychical  word-* 
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deafness — that  is  to  say,  Bpoken  language  has  no  meaning,  ivritteri 
or  printed  sjTnbols  are  also  meanijigles**,  arul  the  word-niemorv  cannot 
be  recalled  through  any  other  path.  The  apparatus  in  which  the 
auditory  memory  of  words  has  hecn  stored  up  is  destroyed,  and  hence 
neither  the  spoken  words  themselves  nor  their  equivalent  s\tuIx»1s  are 
capable  of  arousing  that  memory.  (See  Case  Ko.  VII.  referred  to  bv 
Starr.  No,  521,  xii.  1890,  p.  100.) 

This  is  a  different  thing  from  pure  word-deafness.  In  pm-e 
irord-deafness  the  auditory  centre  for  the  memory  of  words  cannot  be 
destroyed,  because  written  or  printed  symbols  may  still  recall  word- 
memories — that  VA  to  say,  the  individual  is  not  necessarily  word-blind. 
(See  Starr's  remmi  of  cases,  No.  521,  xii.  1890,  p,  SO.)  8uppo.sing 
it  to  be  the  ca«e  that  the  word-memory  centre  is  confined  to  the  left 
lide,  pure  word-<3eiifness  can  be  accounted  for  on  the  supi>osition  of  a 
dastrttction  of  the  auditory  paths  leading  up  to  that  centre  rather  than 
on  one  of  destruction  of  the  centre  itself.  The  word-memory  eetitre 
OMi  still  be  arousetl  through  paths  other  than  the  anditoryj  and  hence 
it  cannot  be  annihilated.  The  word-deafness  lesion,  one  would  say,  n 
ffTum  must  resemble  the  blindness  resulting  from  interference  with  the 
optic  apparatus  leading  up  io  the  visual  centre  rather  than  that  caused 
by  destruction  of  the  visual  centre  itself. 

This  explanation  may  account  for  the  rarity  of  pure  word-cleaf- 
Dess.  What  is  usually  called  mtriidffi}H*t$s  is  not  this  condition  pure 
and  simpIe^ — that  is  to  say,  it  is  not  a  condition  in  which  the  word- 
centre  can  still  be  stimulated  through  channels  other  than  the 
Auditory  nerve,  but  rather  one  in  which  the  word -memory  cannot 
be  aroused  through  any  channel  whatsoever.  It  is,  in  fact,  a  con- 
dition of  psychical  word -deafness  analogous  to  psychical  Idintlness. 
The  word-centre  is  defunct,  and  eonsetpietitly  the  word -memory 
cannot  be  recalled  by  any  path,  however  circuitous  and  indirect  it 
may  be. 

As  the  word-centre  is  obliterated,  the  individual  is  also  simul- 
taneously word-blind — ^that  is  to  say,  the  impress  made  by  the  printefl 
or  written  symbol  U{>on  the  occipital  lobe  cannot  lie  translated  into  its 
corresponding  acoustic  image. 

Such  persons  hear  well  enough.  It  is  not  the  hearing  i»f  the 
sound,  but  the  interpretation  of  its  significance  which  is  defective. 
The  left  side  of  the  brain  seems  alone  to  be  utili.sed  in  divining  the 
meaning  of  articulate  sound,  whereas  perception  of  ordinary  sound 
teems  to  be  common  to  the  two  sides,  and  the  area  concerned  with  it 
iiprnbalily  wider  than  in  the  foregoing. 

Complete  severance  of  the  tract  connecting  the  visual  and  auditory 
centres  will  cut  off  the  path  whereby  the  impression  of  written  and 
printed  s}Tnbols  is  conveyed  to  the  temporal  convolutions  in  order  to 
arouse  the  corresponding  word  memory.  Piu^e  word-blindness  will 
arise  from  this  severance,  and  from  no  other  lesion.  Pure  word- 
blindness  is  not  usually  accom|jiinied  by   hemianopsia.      Hence   the 
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occipital  lobe  caimot  be  tbe  seat  uf  it.  A  lesion  a  short  way  in  front 
of  the  occipital  lobe^that  is  to  say,  in  the  line  OA^  Fi^.  453 — or  any* 
where  between  this  and  tbe  first  teraporal  eonvolutiun,  is  that  which 
theoretically  might  be  expected  ti>  induce  pure  word-bliruluess.  As  a 
uuitter  of  fact  this  corresponds  with  the  iireii  most  often  imj^licated. 
As  previously  explained^  the  tract  which  is  severed  is  jmrt  of  the 
occipitO'i>arietat  Imnd^  and  this  underlies  tlie  angular  gyrus  and  faoia 
of  the  temporo-aphenoidal  lob**  general  ly» 

This  condition  of  word-blindness  must  not  be  mistaken  for  one  of 
failure  to  recognise  the  object  itself.  Where,  for  instance,  the  printed 
or  written  word  "bell"  fails  Uj  arouse  any  intelligent  meaning  in  the 
indiiidtial^  it  is  quite  possible  that  the  object  itself  would  insumtly  b« 
recognised.  The  reason  of  this  evidently  is  that  the  memory  of  the 
ordinary  pro|>erties  of  an  object  derived  through  vision  are  stored  up 
in  the  occipital  lobe,  and  arc  immediately  revived  on  the  object  lieiog 
»cen»  whereas  «yml>oU  have  their  meaning  interpreted  only  on  being 
transferrer!  to  the  auditory  centre  in  the  t€m|K>ro-«phenoidaI  lobe. 
They  have  no  meaning  when  conveyeil  elsewhere. 

So  eactensive,  moreover,  do  the  connections  of  the  visual  centre 
seem  to  be  that  the  visual  memories,  say  of  a  bell,  may  be  an>use«l  iti 
a  person  who  has  become  blind  late  in  life  through  many  other 
channels  than  the  optic  nerve,  as  by  causing  it  to  be  sounded  or  by 
allowing  the  individual  to  handle  it  On  the  contrary,  it  ehoidd  be 
remembered  that  if  the  visual  areas  are  destroyed  no  amount  of 
communication  through  other  paths  will  ever  revive  the 
memories  of  the  Ixtdy. 


Aunmofy* 


Pure  word-blindness  may  be  regarded  therefore  as  due  to  a 
dcstniciive  le'!$ion  severing  the  fibres  connecting  the  visual  area  in  the 
occipital  to^»e  with  the  auditory  area  in  the  tcmporo-sphenoidal  lobe. 
Wo  have  seen  that  these  connections  are  extensive,  and  that  they  pass 
under  the  angidar  gyrus  and  its  neighbotirhomi  We  can  quite  well 
undersUmd  tltat  on  account  of  the  extent  of  this  connection  the  lesion 
of  won!  blindness  may  not  lie  always  exiictly  confined  to  one  small 
areat  and  that  the  greater  the  extent  of  the  destruction  the  more 
tborough  will  the  resulting  functional  defect  appear  to  be. 

Pure  word* deafness,  on  the  other  hand,  must  be  due  to  a 
leymnee  of  coninuinication  with  the  periphery  somewhere  between 
Ike  auditory  ner\e  and  the  word -memory  centre  in  ihe  lamponJ 
convnhitioni*. 

Psychical  word-deafness,  or  that  condition  in  which  the  word- 
memory  Ciiiinot  be  arouseil  through  any  channel,  must  be  due  to  a 
destruction  of  the  woitbmemory  oentre  itself,  or  its  isolation  througb 
separation  of  the  connections  it  poeteieee  with  other  partsi 


4 


CBAP.  hXXXl 


ETAMMERING 


678 


Stammering. 

936.  The  speech  mechanism  corisistvS  of  ii  vooal  and  of  an  oral 

element      The   vocal  element  m   pnxiuced   in   the   larynx,   the   omi 

^element  in  ditftnent  fmrts  of  the  mouth.     Thus  in  pronounchig  the 

rord  satisfy  *  the  laryngeal  part  of  the  mechanism  comes  into  play 

rheti  pronouncirtg  the  a,  i,  and  y,  while  the  S,  t,  and  f  are  in  great 

t,  although,  in  the  case  of  the  t,  not  entirely  oral      The   vocal 

soiind,  as  in  the  protluetion  of  the  a,  ih  effected  by  the  ap])roxiraation 

of  the  vocal  cords.      The  oral  jmrt  of  the  mechanism  is  of  a  bifid 

nature.     The  oral  cavity  act*?  as  a  resonator  whereby  the  vocal  sounds 

-can  be  itifxlified  iu  tone  or  timbre  as  they  pass  through  it ;  while  by 

"itVerent  positions  of  the  tongue,  lips,  and  soft  jjalate  new  sounds  can 

be  originated. 

Nornial  speech,  as  Wyllie  remarks,  is  like  playing  the  violin.     It  is  a 
woiiderfidly  perfect  co-ordination  of  the  vocal  and  oral  parts  of  speech 
I  in  eliciting  articulate  language.     The  vocal  mechanism  may  be  conipired 
Ito  the  bow  hand  of  the  \iolinist,  the  ui  al  part  U>  the  string  hand.     In 
I  the  pronunciation  of  the  above  example  die  hissing  S  has  first  to  be 
Tiet  off*  t/>^^irds  the  extreme  erul  of  the  oral   cavity,  and  has  to  be 
Ifollowed  by   the  purely  vocal  a,  and  so  on  throughout  the   word. 
There   must   therefore   be  some    extraordinarily   complex   motor  co- 
ordinating  mecharn'sm  whereby  the  muscular  contractions   necessary 
for  the  vocal  and  oml  acts  are  corrclat<id  and  combined. 

Neil  Arnott  (No.  CiOT)  api>oars  to  have  been  the  first  to  sug- 
gest that  stammering  was  caused  by  delayed  action  in  the  vocal 
mechanism,  and  his  views  have  been  accepted  and  amjdified  in  later 
tim^  by  Melville  Bell,  Merkel,  Kussmaul,  and  Wyllie,  The  defect 
4ppeara  to  be  one  of  tnie  incoor<lination  whereby  the  vocal  part  of 
ipoecli  is  called  forth  with  ditticulty.  This?  supposition  is  supported 
l*y  the  fact  that  stammerers  have  no  difficulty  in  singing  or  intoning, 
in  which  the  greater  part  of  the  action  is  purely  laryngeal.  They  are 
aiso  often  relieved  in  a  difficulty  by  pronouncing  a  word  such  as  also, 
in  which  the  initial  letter  is  puiely  vocal — that  is  to  say,  the  initial 
4  has  the  effect  of  diverting  the  individuars  attention  to  the  vocal 
element,  and  thus  relieves  the  spasm  of  the  oro-linguals  or  throat 
inuiicles  as  the  case  may  be.  It  is  always  the  initial  syllable  of  the 
*ord  which  forms  the  stumbling-block^  and  whenever  the  indiniluars 
attention  is  directed  away  from  the  oro-lingual  or  gnttural  muscles, 
which,  on  false  principles,  the  stammerer  overstrains,  and  is  fixed  upon 
the  laryngesd,  the  relief  is  immediate.  The  difficulty  may  also  be 
got  over  by  singing  the  first  syllaVile. 

The  fpasm  appeal's  to  affect  one  of  two  regions.  In  most  stiim- 
raerwa  it  is  the  lips  which  are  the  setit  of  it,  and  the  difficulty  in  such 

*  The  autbor  1m^  to  nckuowledge  hb  indebtedness  to  Dr.  Wyllie'a  excellent 
trpottUou  of  the  ftubject  (No.  19,  xzxvii.  1891,  p.  289  el  ^.)  for  these  and  other 
eufflplea,  aod  mdtidd  for  moat  of  the  following  iuforination. 
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catei  is  most  felt  in  pronouncing  the  explosives  (p  and  b)  a«  the 
initiHl  letters  of  a  worcL  In  certain  cases  the  spasm  is  farther  hick, 
in  the  false  vocal  cords  (\Vyllie)»  and  is  elicited  on  attemptiJig  to  pro- 
nounce the  k  or  hard  ch  as  initials. 

In  the  treatment  of  this  distressing  ailment  the  evident  \e»mn  to  be 
learnt  from  the  study  of  its  pathology  is  to  direct  the  subject  of  it  to 
f^onccntrate  as  much  attention  iis  pos.^iblo  n{>on  the  vi>cal  part  of 
speech,  and  thus  prevent  a  fruitless  overflow  of  energy  into  that 
which  is  more  exclusively  oral. 


ChnrsRAL  LrrKEJiTURB  on  Aphjisia. 

Abbots:  Imiwlimcut*i  of  Sp<»och  tl2tli  cd.),  1892.  Amidon  iPntli,  Anmt 
S«ti9ory  AiihnNifi) :  K.  V.  Mori.  Joum.,  xli.  1835,  pp.  113,  181.  Archer  lAphasU  in 
Child,  with  RiMiiark*  on  Dovt-lop,  of  S  pooch -Centre) :  Dublin  Joum.  Med,  Sc,,  btxix. 
1885,  p.  285.  B&sti&n:  Rnt,  und  hwrt-i^'n  Mwi.-Chir  R«v.,  xliii.  186»,  pp.  20», 
170;  alMti,  JmuvvU  lf^J»0,  i.  \k  lh\'\  ;  «Zw,  IVrit.  Mc^,  Jmmi.,  1887,  ii  p.  9SK 
Batem&n :  On  ApliAnU.  inm,  Berlin  (DynJcxiA  or  Word-Hliudnoas)?  Arch.  f. 
rt^'chiiit.,  xviii.  1887,  \k  '28^.  ft/m,  Eiu-  iMMnidrre  Art  d.  WortliUiidln'itt  1W7. 
Bernard:  Do  Fjiphiuir,  f^tc  LS^IV  Bouillaud:  An:'h,  gen.  de  Med.,  viii.  1825,  jit, 
26;  a/*o,  Bull  de  I'AeAd.  de  Ml4.,  iv.  183^,  i»p.  '**8*i,  333;  Il»id.,  xiiL  1848,  pp, 
«»9,  778.  Broadbent:  Med.-Chir.  R«v.,  xxxvii,  1866,  j.,  468;  ii/m?  (CofiYoliitioBi 
of  Deaf  And  Diimli  Wunmn),  Journ.  Anat.  and  I'lipiuK,  iv.  1870,  p.  21S :  aim 
(Amnesi&K  Trans,  Mtni.-Chir.  Soc.  Loud,,  Ui,  1878,  p.  147  ;  «&«»  Hmin,  L  1878'7&, 
n.  484;  a/m,  Tramt,  Mpd.Chir.  8oo.  Lond.,  IxviL  1884,  p.  24».  Brocft  (.S^al  of 
VVnlty  "jf  Languttgi') :  BulL  Soc.  d'anthrop.  de  Pjiria,  iv.  1868,  p.  200  ;  Itnd.,  vL 
18rt5,  p.  377;  rt/*^t.  Bull.  Soc.  Aiiat,  de  Par,,  xxxvi.  1861.  p.  830;  [but,  luim. 
1861,  p.  li^*3.  Btillen  (Amnosia) :  Bmin,  xi.  1888-80,  p.  514.  Qotn:  Path.  u. 
Th««rap,  d.  HiiraoliiUioniJilicn,  188ti.  Da  Costa  iAmn**8ic  Aphaaia  and  A]i|^pli)a) ; 
K.  Y.  Mt^rl,  kiH.\,  1%'i.  187U,  p.  5r>5.  Dax  (M.j  (Le-^ions  of  Left  Hcmi>«pli*«n«  A»oc, 
with  Lofwi  rif  Memory):  Mo»t[i«l.  meiL.  xxxviii.  1877,  p.  233  (read  iKsfon?  a  mod, 
ootigrreA  in  1836).  Dax  (G.)  (Obttcrvationn  tending  to  aiaociate  Dorangcmpnta  of 
Speoch  with  a  Ivcaion  of  Lt^ft  Hcinisphere) :  Montpel  mt-d.,  xxxviii.  1877,  p,  230 
«<  M.  Dejerine  :  iS^'maine  ined.,  iv.  1884.  p.  449;  afw  (Aphaaia  fn^m  Ij^^orm  of 
th<»  l»Und)  :  Rev.  de  rnKl,,  v.  1885,  p.  174.  Dtn^ley  (Aninoaia) :  Brain,  viii, 
1885*86,  p,  492.  Durct  (Resuarches  «in  Circulation  in  Brnin) :  Arch,  dt'  PUv>*i*>L,  L 
1874,  pp.  60,  Mi\  664,  »1».  Freund  (Optic  AjvluiNift^ :  Arrh.  f.  IVychiat.,  xx. 
188«  8t»,  pjK  371.  441.  Gmrdner :  On  the  Function  of  Artiriikt**  ,Sp?cch,  I86«. 
Grmshej:  Arch.  f.  Psych iat.,  xvi.  1885,  p.  654.  Heutmer  tTojiograpnical  Diatii- 
hntion  of  Vi^^^eUof  Brain) :  Die  Ineti^^ho  krkrankung  d.  Hirnartiirjcft  (jt.  170),  lf474. 
Hu^hUngs-Jacluon  :  Brain,  i.  1878-79,  p.  304  ;  l&uL,  ii.  187»-80,  p.  204.  Jiurobs 
(FiHieiionnl     '    '  :    Brit.   M«d.  Jonrn.,   18H0,  U.  ik  622.     KussoiAUl :    Cyclo- 

iwHiiA  of  V.  I.  (v.  Ziemssen),  xiv.  p,  581,  Kng,  tranal.,  1878;  o/w,  Di» 

Storuugtni  ♦I.,  .  ,...  ..t,  188.^  Uchtheim:  An^h.  f,  Psyehiat,,  xv.  1884,  p.  822; 
aUo,  Brain,  vii.  1885,  [>.  433.  Ogle  .Vph^ia  and  Agraphia);  St.  George's  Ifc^fp. 
B©p.,  ii.  1867,  p.  117-  Paget:  Brit.  Med.  Jonm.,  1H87,  ii  p.  1258.  Fitr^ 
(Pum  Agraphia):  Eer.  da  tn^.,  m  18S4,  ]k  856.  Ross:  On  Apluisia,  1887. 
Sanders:  Kilin.  Med.  ionm..  xi.  1866^  p.  81  ;  nltv,,  bino't.  1866,  K  p.  656. 
\  ii^hia):  Compt  rend.  S^h\  dc  hint  iii.  1891,  p.  l»5. 
(a  sordito  dm  motjt  danM  Taidiasie,  1881.     Starr 

^  i.  i '*'.*0.  p.  82.  Stewart:  Introrfnction  to  Disraiiv  of 
Suckling   fSens.  Af>ljji-iiji,   Word  Blind n*?*».  Word-lV^af- 

.  li^MtJ.  i.  p.  mi.     Thotnsen:  Ontralhl.  i\  klin.  Mfd.,  vi. 

^Vo^d•DQafbl!M) :    Bnt    MM.  .lonrn.,   !H8r»,   Ii,   ^k   700. 

Aj*h]iKi.w,«hc8yTnptaiii«R— -Complex,  1874  ;  aApuf  ( A phaiiia and  Mental 

ini^i.  \Vorhni«rhr..  xvi.  J 890.  p.  44ri.       West  (Aphasia  \rith 

liil  ftnfl  An^aikrfryri,  Broca*i*  Lonvol.  uniiffcotod) :  Brit.  M««d. 

i.'42.     WiUbrand:  Die  S«elanbliiidbeit  ahi  HiM^er^heiniirig, 


S^rteux    <'ji>^  of  8*1 
Skwort^ofT:   Ik-  la  ^ 

iS^n-soiy  AphaKia)  ;   Bi^^i 
Kcrvfui*  Sy*t*'ni,   1^81. 
ne**;  :   Brit.  Mc<l.  Joum 
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CHAPTER  LXXXII 

THE   NERVOUS    SYSTEM— {Continued) 

Diseases  of  the  Basal  Ganglia. 

937.  The  commonest  of  these  aie  haemorrhage,  embolic  softening, 
tumours,  etc.  What  the  effect  of  destructive  lesion  of  the  individual 
ganglia  in  Man  may  be  it  is  hard  to  say.  The  gray  masses  are  so 
closely  knit  with  the  descending  cortical  fibres  that  most  observations 
are  liable  to  be  vitiated  thereby. 

In  Man  the  greater  part  of  the  caudate  nucleus  appears  to  be 
inert  Nothnagel  (No.  13,  Ivii.  1873,  p.  184)  discovered  what 
he  calls  a  "  nodus  cursorius  "  in  the  caudate  nucleus  of  the  rabbit  It 
lies  about  its  middle  and  towards  the  mesial  line.  When  it  is 
ponctared  and  partially  destroyed  the  animal  shortly  begins  to  prance 
like  a  circus  horse.  The  author  has  seen  this  part  of  the  caudate 
nucleus  in  Man  entirely  scooped  out  by  an  old  softening  lesion  without 
a  single  motor  phenomenon. 

The  lenticular  nucleus  is  said  to  be  also  motor  in  its  function. 
But  how  is  it  possible  to  judge  of  the  effects  of  a  focal  lesion  of  a  part 
beset  with  fibres  coming  from  so  many  different  regions  ?  Its  supposed 
connection  with  bulbar  paralysis  is  described  elsewhere  (Sect.  683). 

The  thalamuSi  when  the  seat  of  a  focal  destructive  lesion,  is  said 
to  be  accompanied  by  hemichorea  and  unilateral  shivering.  Posteriorly  it 
comes  into  such  close  relationship  with  the  optic  tract  that  interference 
with  the  functions  of  that  nerve  is  often  noticed  when  it  is  the  seat  of 
tumours,  etc 

We  probably  understand  little,  if  anything,  as  yet  of  the  function 
of  this  ganglion.  It  is,  in  the  author's  opinion,  a  ganglion  essentially 
bound  up  with  the  corpus  callosum.  It  receives  a  large  proportion  of 
the  calloeal  fibres  coming  from  the  opposite  hemisphere  (see  Sect  926). 

Literature  an  Diseases  of  Basal  Ganglia. — Allan  (Softening  of  Corp.  Striat.  and 
Opt  Thai) :  Lancet,  1885,  L  p.  797.  Bechterew  (Oi)t  Thalami) :  Arch.  f.  path. 
Anat,  ex.  1887,  pp.  102,  322.  Heboid  (Signs  of  Focal  Lesions  in  Putamen  of 
Lenticular  Nnclens) :  Arch.  f.  Psychiat.,  xxiii  1891,  p.  447.     Moore  (Gummata  of 
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right  CoriJ,  Stri«t,):  N.  Y.  Med.  Jonni.,  xUii  1886,  p.  496.  5b«w  (Softmmg  of 
Corp,  Stmt.)  I  Mwl.  Now«,  Philtt.»  tlviii.  1886,  n.  106.  Smkler  (Cy»t  of  I^otic. 
Koo.):  Joum.  Nerv.  and  Mental  DIa.,  N.  V.,  xviu  1890,  p.  411). 


Lrsions  of  thk  Inner  anu  Oittkr  Capsulks. 


938.  Little  or  iiothinfi;  h  deliuitoly  kticjwn  of  the  effect  of  d^^- 
8tractiv6  leaion^  of  the  outer  capsule.  Tht*  present  reniaiks  will 
be  direded  accordingly  to  the  inner  capsule  alone. 

There  seems  to  W  a  tonsenfiua  of  opinion  m  to  the  poetenor  third 
uf  the  poeterior  limb  of  this  capsule  being  chiefly  f^-mort/.  When  it 
if)  tleHtniyed  hrrninmt'M/ififut  of  the  opposite  side  uf  the  body  (ollon^B.  The 
ptu't  from  this  on  to  the  knee^  und  proUibly  a  short  way  in  front  of  it^ 
oonUiins  the  motor  fibres  dcij^iefiding  from  the  cortex  cerebri.  Ami 
they  are  so  aiTangod  that  in  all  proViabiltty  the  niitldle  third  of  the 
posterior  aegment  transmit  the  fibres  connecter]  with  movementji  of  the 
tnink  and  general  actions  of  the  upjK'r  and  lower  extremities.  The 
anterior  third  possoeftes  fibres  lMHm<l  up  with  certain  movements  of  the 
hand  and  umi,  and  of  the  head  utid  neck.  The  knee  and  tuljotnini^ 
jKirt  of  the  anterior  limb  convey  those  fibres  concemeii  with  faeiil 
expression  and  it  is  said  articulation,  together  with  those  for  gpeciAl 
fine  movements  of  the  hand,  i%&  m  writing.  The  accomiianying  scheme 
(Fig.  467),  accorditig  lo  Boevor  and  Horaley,  shows  the  respective 
seats  of  the  bundles  of  motor  fibres  descending  from  the  cortex 
within  the  inner  capsule. 

As  a  matter  of  fact  it  is  found  that  a  destructive  injury  of  the 
inner  capsule  in  the  anterior  two  thirds  of  the  posterior  limb  calls 
forth  a  purely  motor  crossed  hemiplegia ;  while  if  the  posterior  third 
of  the  same  is  idso  implicated  a  paralysis  of  motion  and  of  sensation  of 
thr  o{i|wisite  side  nf  the  bfxly  is  the  result, 

Th»!  fibres  in  the  anterior  limb  are  in  all  likelihood  mostly  crossed 
ciiUossiL  A  slender  Imnd  seems  to  jiass  backwards  from  the  prefrontal 
region  of  the  stime  side  to  become  attached  to  the  thalamus  (Meynert*s 
anterior  peduncle  of  the  thalamtis). 

A  comparatively  small  lesion  in  the  capsule,  it  should  be  remem* 
beredf  wiU  oocai^ion  a  mtich  more  wide  sprea<l  effect  than  a  lesion  of 
corresponding  size  in  the  cortex^  the  reason  Iwing  that  the  descending 
fibres  at  this  (K)int  are  concentrated.  It  h  followed  by  descending 
secondar}'^  degeneration,  exactly  as  when  the  ilestniction  is  higher  up. 


* 


HemifLBGIA  (tj^uns,  ludf ;  and  rAvft«,  a  droh), 

9S9.  Definition. — A  emdUim  where  one  luilf  of  the  hoijf  u  dqirhfti 
of  mdum  or  ftnmihn,  tt  of  hAk  The  term  "  hemiamestheda  "  b  now 
uftially  applied  to  the  [tamlysis  of  sensation. 

General  Vital  Phenomena. — It  should  lie  remembered  that  in 
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hemiplegia  from  a  coiiical  destniction  or  capsular  severance  the 
pami ysis  of  the  face  is  on  the  s^mie  side  as  that  of  the  body — that  is  to 
say,  on  the  side  opposite  to  the  lesion.  The  reason  is  that  iipparently 
the  descending  cortical  fibres  connected  with  the  nucleus  of  the  portio 
dura  cross  the  middle  line  somewhere  about  the  middle  of  the  pons. 

The  paralysis  affects  chiefly  the  face  (its  lower  aspect)  and  the 
upper  and  lower  extremities.  The  muscles  which  do  not  become 
Ijamlysed  are  those  of  the  eye,  neck,  and  trunk-  Those  muscles,  in 
tact,  which  act  bilaterally  escaj>e.  The  explanation  generally  acccjited 
of  this  peculiarity  was  given  by  Broadbent  (No.  148,  xxxvii.  1866,  p. 
477),  namely,  that,  in  the  case  of  those  muscles  w^hich  act  bilaterally, 
the  nerve  nuclei  in  the  cord  and  me^lulla  are  so  connected  by  com- 

,  misfiures  as  to  be  iiuiervated,  practically,  fr'om  both  sides  of  the  brain. 

'  They  act  pro  fanh  as  a  single  nucleus. 

NotwiUi  stun  ding  that  nearly  the  wliolu  of  a  tjcrebnil  heniisphere  may  be 
destroyn^i  &nd  the  i>e*  pedunculi  on  the  Boine  side  eutirely  annihilated  by  aecotidary 
drgeoeration,  liecUterew  (No.  517,  xix.  1887,  p.  15)  has  ahown  that  the  move- 
tuents  of  the  face  engaged  in  rniiiiicry  may  reiiiuin.  This  cati  be  explMiied,  ho 
tldbkif  on  either  of  the  following  suppoBitionei :  (1)  from  tb^  iriuervution  l>eing 
Mlateril ;  or  (2)  from  tber«  being  motor  tracts  in  the  tegmentom. 

Rigidity. — WTien  the  injury  has  lieen  caused  liy  a  haemorrhage 
the  muscles  of  the  aflect^d  side^  in  a  few  days  afterwardsj  may  lie 
found  in  a  rigid  condition.  This  is  known  as  early  rigidity,  and  is 
caused  by  the  irritation  of  the  effused  ma^s  of  blwxl  It  tlisjijrpeara 
loan,  and  as  the  secondary  degeneration  of  the  pyratnida!  tract  be^ana 
to  ahow  itself,  is  followed  by  a  late  rigidity  or  "  contractnre  "  of  the 
pwalyBed  muscles.  As  a  rule  the  attitude  assumed  by  the  bmbs  from 
the  latter  cause  hjteximi  in  the  up^ier  and  txten.mn  in  ths  lower.  The  arm 
is  flexed,  pronated,  and  the  hand  bent  upon  tlie  forearm,  the  whole 
limb  being  thrown  across  the  chest.  This  late  contraction  in  course 
of  time  may  almost  completely  pass  otf". 


Disease  of  the  Cuvsta  Pedis  Pedunculf. 

940.  It  is  within  the  crusta  or  superficial  under  aspect  of  the 
CWebral  j>eduncle  that  the  descending  fibres  are  conbiined.  None  of 
tlwtt  appear  to  be  sensory  {see  p.  710). 

Haemorrhage  takes  place  r>ccasionally  into  it,  but  perhaps  the  com- 
HKmest  lesion  is  softening  from  syphilitic  obliteration  of  the  blood- 

The  main  phenomenon  induced  by  a  destructive  focal  lesion  in  the 
neighbourhood  is  what  is  known  as  alternate  paralysis  (Gubler), 
It  will  l»e  remembered  that  the  fibres  of  the  third  issue  at  this  point. 
Arising  from  the  nucleus  on  the  floor  of  the  aqueduct,  they  bentl  out- 
*nut!«  for  a  certain   ilistauce,  and  interliue  with   the   fibres  of  the 
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superior  oerebellar  ijediiiicle  as  they  art?  pwsirig  up  t4:j  the  red  tmcleUH. 
They  subsequently  approach  the  middle  hue  tcj  make  their  exit  between 
the  diverging  cerebral  peduncles.  Some  of  them  crosa  to  the  op|>o6ite 
side. 

A  focus  of  destniction  in  thi8  liH-^tity  ia  thus  liable  to  implioftte 
the  roots  of  the  third  a^i  they  are  making  their  vcny  outwimUi  io  thmt 
there  comes  to  be  a  paralysis  not  only  of  the  motor  fibres  deoeanding 
to  cross  in  the  pyramids,  but  of  the  fibres  of  the  thiitl  n&%r  their  jjoim 
of  issue.  The  consequence  is  that  whik^  the  ofifx^sit^  side  of  the  Ijody 
is  more  or  less  hemiplegic,  the  muscles  supplied  by  the  third  nert^e  on 
the  same  side  of  the  Ixnly  are  also  im|)licated.  There  thus  restUta  »n 
alternate  jmralysia. 


DiSEASK   OV  T1IK    FoN'S. 


941*  Tumours,  es|>ecially  atsfou*  tuUrcidnr  ma^e^  and  tflunmUn^ 
hmwuprrhti4je^  mt/kningi!^  et<\,  are  the  usual  lesions  met  with  in  thi?^ 
situation.  The  tubercular  tumours  are  sometimes  very  hirge,  but 
curiously  do  not  always  occasion  motor  paralysis.  The  reason  for  this 
is  that  the  motor  fibres  arc  stretched  around  them  but  are  not 
rupturcHl.  Where  thev  involve  the  roots  of  the  fifth  nerve,  as  pointed 
out  by  M*Oregor  (No,' 59.  lHi<6.  ii.  p.  1127  ;  Ihul,  l^8i*,  i.  p.  1079). 
among  other  indications  of  their  site,  ukemtion  of  the  cornea  is  ofton 
present  on  the  same  side  as  that  of  the  tubercular  focus.  Softening* 
and  other  destructive  affections  which  involve  the  n>ots  of  thr  fifth 
usually  give  rise  to  intense  unilateral  neuralgii'  pain  extending  over 
the  head  and  face. 

The  gliomatcnis  tumours  spread  out  diffusely  in  the  sulistanee  of 
the  pons,  and  hence  are  without  a  distinctly  defined  border.  They 
may  bo  unilateral,  and  when  so  are  pro<luctive  of  much  deformity. 

Sudden  hemorrhage  into  the  i>ons,  if  of  any  sijce,  tends  to 
ntptiu'e  into  the  fc»urth  ventricle,  and  when  so  brings  about  a  rapidly 
fatal  result.  One  ^ign  of  it  ia  contraction  of  the  pupils  and  immi)bility 
to  light  reHexes. 

Allien  a  focai  destructive  lesion  is  located  in  the  jx>n8  the 
pmitytic  phenomena  which  ensue  de{)end  greatly  upon  the  site,  llie 
noter  fibres  of  the  cerebral  cortex  connected  with  the  nucleus  of  tlie 
portio  dura  appear  to  cross  alwut  ius  middle  (see  Jffmiplrfjia)  in  their 
descent.  If  the  area  of  destruction  is  situated  laterally  in  the  upper 
half  of  the  pons,  the  descending  fibres  for  the  extremities  and  thowc 
for  th«.^  iKirtio  dura  will  lie  nipped  across  consequently  before  they  have 
decuss»ited,  luul  a  eompli.^te  rtimfti  hen%ij)U4j%a  will  follow.  In  the  lower 
Imlf  of  the  pons,  however,  the  cortical  fibres  to  the  portio  dura  havis 
already  crosse^l,  while  those  for  the  extremities  have  not  If  the  focal 
letion  be  situate  here  it  will  give  nm  accordifigly  to  an  alknmk 
pamlyMi^  of  the  muscles  inncmited  by  the  portio  dura  and  thoie  ol  1 
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PlO.   456.  — TUBER(  LE  OK  THK    PoN8  (x30fl  DlAMS.) 

(*»)  Ce&lnl,  very  c*Aet>in»  jmii;  (b}  j)ort  around  thi*  1pm  caseous  and  gnmiUr;  (r)  gknt  cell 
J'*e»Ui,i^  p^P,^  ^^  j^g  y^l  ,.,^P  fj^jj,  eiwaation;  («,  e)  ra|xiul«4ike  condenwtt  timut  »t  itiargiti ; 
JJf /)  *tooil»ry  inberoies  foniiKl  froiu  tim  prlraary  Utiffl  growths  (Ufnniatoxylfiif  sod  Eosln, 

^S^lh,  owing  to  paraiysis  of  the  uo-oidinating  centre  in  the  vicinity 
^[  iho  abclucens  nucleus.  The  de  nut  ion  is  towards  the  muml  side, 
"ken,  however^  the  centre  is  merely  stimulated,  the  deviation  may 
lie  towards  the  injured  side. 
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DrsEAHK  HF  THK  SKMJriRt'n.AR  Canals,  Cerebkllim,  and  Olivary 
Bodies — DisTimBANCK  of  the  Function  of  EQUrLiBRATtOK, 

042.  Anatomical  Connections.— Both  I>eit«Tfl  and  M^ynert  hare  made  mat  a 
close  Atint^imical  connection  Iw'twceu  the  eereMlum  and  olit'anf  hotiies,  Tlie  etmiifc- 
Cioti,  M  Meynevi  remark^i,  U  [iroljably  croBiied.  Uiiilntersl  strophy  of  Ute  rvrrl vUum 
ham  hmm.  found  Mooniftanied  hy  atrofiliy  uf  the  oii])08iti»  oUw. 

Tbe  miperior  cerebellur  ppdnnele,  it  will  he  rrtnemWrud,  iiflcr  instiing  fitmi  tliv 
ovrebeUvtm  pmbm  under  the  |)09t«nor  enuptf  nf  c4)r|H^m  4|ijHdnp*niina  in  «  tomm  of 
fihres  which  on  croia  sectioa  has  a  half-ntiMin  iihji|ii'.  0|>|KiHttj'  th*'  iMiint  of  ioniii  of 
the  trochlMrU,  fibrtii  begin  to  leave  it,  whlc^h  rtin  towards  thi'  middle  line  and  }ptm 
ov^r  t<?  the  npj>o$tit«  side.  Tliiii  forma  tho  coinm<?uc«nic>nt  of  a  dtH^nswtitni  mntinudd 
upwards  to  a  jjoint  oorreKponding  to  the  poHterior  a^npect  of  thi*  aiitenor  n»up}i*  of 
cor|>ora  qtiadrigtmiiia.  According  to  Stilling,  Meynert,  Forvl,  and  others,  the  da- 
ctissiation  iscnrnpU^U*,  but  otbfre,  such  act  Aniotd  and  Mendel,  maintain  that  it  u  only 
|iartial  However  this  may  be-,  the  Hhr^  af^aiu  txiHect  lht<n)M*1r<««  into  a  t>onifiact 
buitd)<^  in  the  neighlnnirlKMMi  of  the  n'd  nui-knis. 

The  tlienry  that  ia  most  prevalent,  although  it  is  not  universal,  regarding  the 
rt'lAtioinihi)»  of  X\\miii  fibrea  to  tht^  ganglion  ctIIb  of  the  red  nncleuK  i^  that  th^y 
bi^<H>inc  united  to  them.  Foivl  siipjMiM'ii  that  they  srirnply  Murrt)nnd  lh«  ganglion 
without  forming  an  attachment  to  ita  i^dla  ;  that  frt^h  tibrt^s  ariae  from  it ;  and  that 
thwe  ecmibine  with  the  ii»ii*ndiiig  ixnlunole  in  its  prrjgrejts  upwards.  Tlifuee  it  b 
diftictilt  ti)  folhiw  their  rounn^,  Mt^yncri  was  of  opinion  that  they  untenHi  tJii^  iiin^ 
capaule  antl  formed  part  of  th«  eorona  ra^liata,  Forel,  on  the  contrary,  tncna  tlum 
into  the  thalamus,  where  they  terminate  by  coustrueting  the  laminir  nudnUatvi 
lying  to  the  outer  Iw^ler  of  that  body. 

Tlie  {kr>int»  of  origin  of  th*<  TibrMi  within  the  cereliethim  are»  to  cay  the  lfa«t  of  it, 
an  yet  doubtfuL  Stilling,  for  inatanoe,  limitn  them  to  o«rrtain  deftnitv  lof!aUti«»  of 
thtf  cerebellar  gray  matter  ;  while  Veja«,  fnmi  experimental  evidence,  QKOam  to  tll« 
oonclusion  that  tliey  art*  drawn  from  the  entire  cortical  gray  matter.  Bfdilcivw, 
atndying  the  matter  from  the  derolopmental  p>int  of  view,  makea  out  the  rompod^ 
tion  of  the  pechinde  and  ita  pointa  of  ongin  to  be  a  more  complex  matter. 


Nature  of  Lesions. ^Besides  chets^  and  otAer  tiimmrt^  the 
belliim  10  soQitiiines  the  seat  of  a  focal  hstnutrrhn^t  or  an  fAtc^u,  The 
abiCiW  UfOally  follows  in  the  wake  of  septic  ear  disease  (lee  p^  573). 
The  checay  tumours,  which  are  ustiidly  tulwrcular,  may  reach  the  mwb 
of  a  walnut  or  small  orange.  A  hteinorrhugo  into  tho  middle  lolje  of 
the  cereV>ellum  proves  fatal  almost  alw»y8  within  a  matter  of  six  hoiuv, 
often  much  more  mpidly.  This  is  to  be  accoutit»?fl  fur  hy  the  siiddfln 
pressure  exert lmI  by  the  ertVi»e«l  blood  upon  the  vitnl  j>jirtM  on  the  floor 
of  the  fmirth  ventnclr. 

Functional  Effect  of  Lesions-— It  \\m  long  been  known  that 
dlieaie  of  the  inter rml  cur  is  often  ucrnm|xirited  hy  vertigo,  Tlie  ^-on- 
nection  bt^tweon  the  two,  however,  wa.s  emphasi»eii  hy  Meniere  (^o. 
204,  1H61,  [1.  29  ft  »fq. ;  see,  also,  Synojjsia  of  ljt45niturc  by  Kiiapn, 
No /5:i3,  ii.  No,  1,  1871,  p.  229),' ho  that  the  tenn  Meniere S 
disease  haa  come  to  mean  a  form  of  giddiness  accompanied,  among 
other  things,  by  partial  deafness. 

Through  the  researches  of  Cnim  F?rf»wn  PCn.  r>,  viii,  1871.  n   327^ 
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and  others  it  has  been  ascertained  that  the  semicircular  canals  ai't 
80  periphenil  sensi^  organs  aftettcd  l>y  lotjitidn.  Impressions  irmde 
upon  them  indicative  of  the  jiositiun  of  the  body  are  coTiveved  through 
the  acoustic  nerves  to  the  lirairi-  One  of  their  great  functions^  accnrd- 
ijigly,  is  that  of  balancing  the  body  by  calling  into  reqiiisition  the 
muftdes  necessary  for  the  maintenance  of  the  erect  posture.  When 
the  semieirettlar  canals  are  diseased  or  when  the  acoustic  nerves  are 
divided  (Bechterew,  No.  1G9,  xxx.  p.  312),  the  jTOwej' of  Imlancing  the 
body,  as  might  be  ex|>ected,  is  much  inter'fered  with,  so  much  so  that 
an  animal  with  divided  acotistics  cannot  walk.  The  liquid  in  the 
canalS)  by  its  inertia,  stimulates  their  epithelial  lining  when  movements 
»Te  mude  in  certain  directions.  The  {wirticular  canal  stiniulate<l  aftbrds 
^n  indication  of  the  position  of  the  body.  The  vertigo  which  follows 
disease  of  the  semicircular  canals  or  division  of  the  acoustic  nen'es  is 
due  to  failure  to  perceive  this  stimulus. 

The  semicircular  canals,  however,  do  not  appear  to  be  the  only 
peripheral  structures  which  are  endowed  with  this  function.  From 
the  experiments  of  Christiani  (No.  554),  and  more  particularly  those  of 
Bechterew  (No.  169,  xxxi.  1883,  p.  479),  it  appears  that  the  gray 
matter  of  the  third  ventricle  also  phiys  the  part  of  a  Imlancing 
organ.  When  different  parts  of  the  wall  of  the  third  ventricle  are 
injured,  the  same  difficulty  in  progressing^,  from  loss  of  the  factdty  of 
ludancing  the  body,  is  experienced.  Indeed,  it  is  just  a  question 
whether  the  walls  of  the  entire  ventricular  system  are  not  en- 
dowed with  the  power  of  indicating  position. 

At  the  autojjsy  of  a  man  who  sutfei  ed  from  M(^ni^re*e  disease  the 
JWiihor  found  two  tumours  loosely  attached  to  the  choroid  plexus  and 
filiating  freely  in  the  tlistended  latend  ventricles.  There  was  nci  dis- 
tinct  evidence  of  disease  of  the  e^ir.  It  is  possible  that  the  two 
^imours  dangling  loosely  in  the  ventricidar  liquid  may  have  stimulated 
the  epitheliixm  and  exciteil  symptoms  of  vertigo. 

Vertigo  may,  however,  also  follow  from  disease  of  the  irentres 
^hich  receive  the  peripheral  stimuli.  The  olivary  bodies  and  cerc- 
^llura  seem  to  be  the  two  centres  endowed  with  this  property. 
fe<-hLerew  (No.  169,  xxix.  1882,  p.  257)  has  shown  that  when  the 
olivary  bodies  are  excised  experiment^illy,  the  animal  is  unable  to 
^^•^Ik  from  the  disturlmnce  induced  in  its  balancing  functions.  If 
Je*troye<i  on  one  side  only,  a  rocking  motion  follows,  witli  an  inclina- 
f^^n  Upwards  the  side  of  injury.  He  believes  that  the  olives  are  organs 
^^  ^vhieh  centripetal  tactile  impulses  are  ctmveyed  on  their  way  to 
^hjit  he  regards  as  the  great  central  organ  of  equilibration,  namely, 
the  ctTebellum. 

Similar  e fleets,  it  is  known,  result  from  destniction  of  the  cere* 
"^Uum  itself  or  of  its  peduncles.  Indeed  one  of  the  chief  functions 
<H  this  organ  appears  to  be  that  of  receiving  peripheral  impressions 
ficcfisiary  for  keef)ing  the  boily  in  the  erect  positiofi.  It  :ippears  to 
^*  4  centre  in   which  impressians  received  from  the  inner  ear,  the 
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pithelium  lining  the  veiitriclee,  and  the  aotes  of  the  feet  are  correlated 
ad  adjuiitocl  for  halaneini;  purpoa^i 

Disease  located  nit  bin  it  is  almost   always  followed  by  loai  of 
^equilibrimu.     Thus  the  presence  of  a  tumniir  in  it>i  anli«tAnoe  lUnmDjr 
;sves  rise  to  a  reeling  or  stAggering  gait,  with  a  tendency  to  fall  to  dot 
le.     When  the  tumour  is  situated  in  the  upi*er  jmrt  of  the  middle 

lobo  the  temlency  in  to  fall  backwards.      When  in  the  hiwi^r  jiart  of 

the  same   the  inclination   is  to  fall  forwards  or  t<*  revolve  round  a 

horizontal  axis.  When  in  a  lateral  lobe  the  person  falls  towards  the 
do  in  M^hifh  the  tumour  resitles  (Rosa).  Tonre  contraction  of  tktd 
Auscles  of  the  neck  and  rotatory  movements  of  the  eye))alls  are  ioine- 

timefl  noticed.     These  may,  however,  be  caused  accidentally  by  preteurf» 

on  adjacent  parts. 

Large  cftseous  tumours  may  nevertheless  develop  within  a  lolie  of 

the  cerebellum  without  almost  a  symptom  to  indicate  their  locality, 

providtsd  their  growth  is  slow. 

Litgnaimw  «ii  Dimamg  <if  Cer^eUttm  {me  slto  Tumomra  ^  Brain),  —  Becktr 
rLMdon  of  Oerebcllum):  Arch.  f.  i«ith.  Aiut,  cxiv.  18»8,  "p.  ITH.  Bristowe 
Cl^btrclo) :  St.  Thormtii*  Hohjk  Rt-p..  1884,  xiv.  1886,  p.  81.  Broadbent  i  Hn-roor- 
thi^e  in  Yotnitf  Ulrh :    Tniii.'i.  P*tii.  8oc.  Lond.,  xv,  1804,  p.  4.     Curschituuui 

(CIijiioaI  Htui  K:^|Hthnit«ril>il  t»n  l*«inncuJus  C^rebelli) :  IVijt,  An-h.  f.  ktiii.  Mnl., 
xii.  1874,  p.  Ii»VJ.  Ebstein  (Cbti-onitt) :  Arrh.  f.  path.  Aunt..  xHx.  1870,  p.  1  if*. 
Hebra  (TuWrcI*^  in  Right  n(»riii*i»hcrLv)  :  Vii'rtt'yalinic'hr.  T  IVrtiidtol.  ii,  Hrpli.,  Hi. 
187t$.  p.  508.  Moaler  l^'fti-'ninc  iii  I<.eft  Hetni^phen?) :  Dent.  Art^h.  t  kltti.  Med.. 
X.V.  1M7.'»,  p.  229,  Mothiia^el :  B^ftl.  kliu,  Wocbnjohr..  xv,  1878,  p.  2a&.  O^lvie 
(Detttniotiou  of  Rijicht  IbniiKpltitrt^  :  Brain,  viil  I8S6-8d,  pt.  4^5. 
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DlS&ASXS   OF   TIIK    MKOIU^A    Oui^iKUATA. 

943.  Hii'm*>rrhage  into  the  medulla  is  not  so  coimnon  as  into  iho 
]v»tis.  FoK^ibly  thiii  h  W'mtiiie  the  former  coiitaiiii$  much  more  fibrous 
tiH^uo  that!  the  btttn\  which  acts  a»  a  support  to  the  vessels. 

An  tmu^ual  hardness  of  tbo  medtdia,  almost  amounting  to  tliat 
of  cartilage^  i*  met  with.  It  has  been  referred  to  by  8chrocder  v.  d. 
Kolk*  and  is  common  in  chronic  epileptics.  It  is  due  to  an  incroasc 
of  the  connective  tissue  naturally  present  in  the  medulla.  In  thi> 
neighbourhood  of  the  olives  it  is  ]irolitic. 

The  laiynf^eal  motor  and  sensory  disturbances  trscc«bl«  to  th<?  medtdkj 
oblooffita  arr«  scporrling  to  Kiwsnlolir  (No,  517,  xul  1R87,  p.  814)— 

(1)  Thosi  rMiiltin^  frtiin  bulhitr  jiAirAlyiiti. 

(8)  Th<MSScooiit[tiii)yiug  multiple  iieU-rtMiA. 

(S)  ThoM  lawwutiHi  with  locomotor  atAxiu. 

f4)  Tliosr  following  a]«m  tirf  umMcrib^l  (liMmneiv  tswyh  SS  loosl  illismmatkPH}| 
i^mbaliiini,  »ml  thnnulM>tir  *ofIriiiit|£. 

Th«  lat>etic  affections  mt-  i»ri  111*17  *|*»tK'  iH>n<litionfi  (l&ryiigetl  rm«)»  diitiirli- J 

ftliOSB  <tf  iienAfttion  Niirh  u  anirsthr^ia  of  the  muconi  mcmbniziM^  with  anutnsloiui] 

nAsiei,  partial  f^rAlyiii  or  psrntii,  snd,  lastly,  atsetie  s1Tf«tioii»  of  tli#  Uryiigval  1 

,  masenlsttirr. 


Fin.  437.— Ta^xeTKBSB  Sbctiom  rHaonua  Mkuvlla  OnL^NfiAT*  aimut  the  Middle  or  the 

Olive.  (After  SHclivmlb**,) 
(••  X1T.]| Ntkcleua  oC  hypOgloA^UA ;  (m.  X.)  part  uf  iiuch  iia  of  vitgnii  rir li  iiml  (it,  X'.)  ptrt  of  nudeiiR 
"*■€««  poor  in  ccIIa;  (nt.)".)  nucleus  of  ftiulctilim  tt^rva ;  (XIL)  li>p>Kl"«aii]  nt?rve ;  (X.)  wigu* 
*;  (»k.oin,)  tittcletut  AJnbfgutu  ;  (nj.)  nuclean  of  lAtonul  tract  ;  (o)  olhftry  nncleun ;  (oia.^)  outer 
■■ofy  nllrfl  (Nebunoltv*);  (o^rt.m.)  inner  accflssOTy  olive;  (».yO  i^iuckua  of  funiculus  t?racili«; 
(^(•)nncleBk  of  flQtirculiifl  emimttM ;  C<7>  «^)^')Ln>^tla  gplnUnutia  ;  («»  V.)AROoiM]iiig  root  of  the  5tb  r 
w*-)  fHulculuii  JUilitaiiuii  (respiratory  bun<lle);  {VjfXmXxxt  of  il^'jiaitnre  of  the  twuhi  niaiu*  rhom- 
e^iwUlte;  (C,r,>  eorpu»  restlfornie;  (;>)ttntenar  pymmiil  ^nllml  by  th«  flbrw  i^rcifonueii  eKtemii' 
(/ '^^♦.X  which  in  part  Hink  deeply  at  fc,  and  w!udi  jiartly  nin  »np*Ttlcially  into  Uio  redtlforin  body 
it  I,  (ir,«  ■  *  1  ■'■\\\.  inoro  ilwply  into  tbti  »ubHtJintiA  gelatlnowi  at  jjr;  (ji^oj.)  pfnluncolns  oliv)«f 
i'*''**'!  (r);  (f,f.)  fomiAtiu  retlculnrin ;  (/J.rr.)  fliwiirai  lotigitudiiii.Ui»  RnteHor;  (n,tir.> 

Md  lipg  **  (Ducheiiiie) ;  ''  Labioglosso-larj-ngeal  ptiralysis  "  (Ti"OU8fl©au) ; 
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**  Prugressive  hdlmr  pai-alysis  "  (Wachsinuth) ;  **  Amyotrophic  bullmr 
juir-tilysis  "  (Leytk-n). 

Vital  Phenomena. — These  consist  essentmlly  in  ii  ))are6is, 
followed,  ii  iniiy  l>t',  hy  a  panilyf^tH  of  the  muscles  curiiiecleil  with  the 
imffUf^  mfi  palaU^  lip.%  and  p>ssi)>ly,  lnUiy  on,  of  the  pfutriffut  and  hrimx^ 
together  with  wasting  and  ]o^  of  reflex  exciiubility  of  the  muscles 
iiHbcted,  The  muscles  of  the  tongue,  as  a  rule»  are  first  involvtxi. 
The  functiona  most  disturbed  are  those  of  »i>«3ech,  (K^gbitition,  and 
respiration.  The  motor  orub  muscles  may,  practically  sfic/iking,  W 
Aid  always  tf>  escape,  and  sensciry  complications  are  of  rhc  nire«tl 
occuixence.  The  advent  nf  the  (Hseaso  is  usually  insidious,  and  the 
progress  of  the  malady  towaixls  a  fatal  issue  certain.  Death  is  seldom 
delayed  V^eyoml  three  yeai^s  from  the  ctimmencement  uf  the  attack- 
In  II  large  proportion  of  instances  general  prx>gres*iive  muscular  atrophy 
f)f  hancjs,  arms  loins,  and  lower  extremities  endues.  In  thosi*  from 
which  it  is  absent  dc4Uh  occurs  early  from  some  cardiac  or  other  com- 
plication.  The  branches  of  the  facial  involved  are  thcMo  going  to 
the  tips,^ 

The  ixiralysis  of  the  muscles  is  esaentially  atonic ;  the  muscle  fd>re 
l>ecomes  soft,  limpitl,  arul  R|Mingy,  and  contmctures  are  absent.  The 
muscular  atrophy  is  most  evident  in  the  tongue  aiul  lip  muscles. 

Krnsibility,  intelligence,  and  the  functions  of  the  sphincters  usually 
remain  intact. 


i 


Nature  of  Disease.  —  I>aolif>iino  (see  Bililiog.)  w««  ttiv  HrMt  to  df^m  riltf*  itJi  cliuipAl 
fcNitumi,  Wben  the  If^uii  muJiing  ttw^  ilbtHuu*  wiiw  (liiK'ovnriH(^  itA  rt'sciriblAUCtf  to 
thai  oausing  i>rogroMivc  mu^cuUr  Atit)|iby  tMH'*inc  siibjen^t  of  noto.  DncUii^ti^ 
li^gSfdfd  thfin  AS  w*p«nit<*  tliAciucJi.  jiltliotigh  he  coufesM'd  that  tlitfy  vctmrthiiv^i 
oeenrrfd  in  tlu'  «»»»>  mdyfct.  He  ut'vcr  iidiiiiil*d  that  tlirrr  was  Atrophy  of  tL* 
Ubio-{Kdato-g1of»Al  miisclM  id  buUiar  jMr»l}'t(iji.  H»  Maid,  *'  BuUtar  jmli nivalis  ia  a 
fiarwlyaU  without  atrophy;  prognwaive  muacular  atrophy  aa  atrophy  wiUtout 
panttyiila. " 

Ttiaae  views  havi*  1m«ii  caiiMiMrnilily  niodtfitid  hy  rurllier  ox)kcHencf.  and  rren 
Daehmina  biniialf,  latterly,  in  a  jimuui?!  »ilmittw1  »  couiuH-tion  U'twwu  th*'  Imo. 
Opinion  at  thf  irremfiit  clay  b  pretty  well  that  of  Charcot  atid  his  folhrnrni  (w^t  Htraa 
and  Sahfinrtn,  Ko.  4*  ri.  187©*  p.  7*19],  namely,  that  bu/ktr  partt/ym  *>  lA*  rrjmit  t^f 
ImiomM  t^tke  mtditiia  o^on^atA  id*ni$ai/  in  thrir  nnitirr  triih  thime  of  ikt  xpinal  roni 
mkkk  wmiffiit  pt^9^mi»im  muMmlar  atrnjikf.  And  aim  Uiat  the  rlifM^ne  in  of  two 
Itindi— (I^  A  protopathic  form,  in  which  the  motor  crlU  are  lh«'  primafy  i»«at  wf  the 
di)BHiemtUja  ;  And  (2)  a  deiiteropathic  fonn,  in  i^litch  thf  AfTcction  of  th«  motor 
cdli  ia eonaacatjva  to  a  primAty  fAM iiutAt4Ml  whTOHU  of  tlif  ktrral  cohunnK,  Along 
wiUi  daatnietioQ  of  tb«  ii«r?e  wlU  in  lhi>  anterior  hom.=  Th*'  mu*ipnlar  atr«|»hy  hi 
htttbtr  pandlfiii  Sa  liooodftrj  to  th«  dp]h^npnilinti  of  thr  tivyvr  i-euitm. 


*  Tlusrv  ia  a  di0Bi«iio9  of  qpinlon  an  to  th«  innervailon  of  the  «oft  jiaUte. 
Ii  omm  Ita  nartu  aappljr  to  tlia  portiu  flitm.  U  in  more  likely  traceable,  acoordlim  to 
W.  A*  Tttruar  (No.  5,  xxUL  l§9tt,  p.  6*23),  to  the  intrmal  branch  of  the  tpinal  aocaiiocy 
i;DanruA  acotaaorlui  vo^),  whose  tlbrea  arc  dUtribnliHl  along  ^Ith  ctrlAin  brmuctiaa  i 
ibe  vafiia. 

'  Hm  Amyotropliir  LaImkI  Sekroals. 


CHAP.  LXIXH 


GLOSm- LABIAL  PALHY 


665 


The  Lesion. — The  minute  changes  are  as  follows : — The 
lhtfp<*fflff.<sal  ittLclt^iii  18  the  one  upon  which  the  degeneration  chieHy 
takes  hold.  What  Ihival  (Xo.  200^  September  1876)  has  described 
as  the  *'a<'cessory  hypoglossfil  nucleus/*  that  m-m  of  gray  matter  which 
shoots  forwiii'dd  and  outwaids  from  the  hyix>glossal  nucleuH  proper,  is 
usuidly  also  overtaken,  but  t^  a  less  extent.  The  degeneration  of  the 
nerve  cells  m  ushered  in  by  a  deposition  of  pigment  around  the 
nucleus,  u  dejstruction  of  the  processes  of  the  nerve  cells  next  takes 
place,  and  this  is  followed  by  a  shrinking  of  the  protophisin  and 
ultimate  destruction  and  disappearance  of  the  entire  nerve  cell  In 
oHdent  examples  of  the  disease  the  multipolar  cells  of  the  classical 
hyptiglossjil  nucleus  may  liave  entirely  vanished,  while  a  few  remain 
in  the  accessory  nucleus  partially  invaded  by  the  degeneration. 

The  motor  cells  of  the  nuclei  of  the  pneuuuujaMTf(\  ijIfK^,'<o-pharfmgt''fif 
and  spituil  aoyssffVi/  are  more  or  less  aftected  in  a  similar  manner.  The 
motor  cells  of  the  fadnl  have  sometimes  advanced  in  the  degeneration. 
As  before  remarked,  the  sjnmtl  cord  is  often  involved,  and  here, 
'  ms  in  the  medulla  oblongata,  it  is  the  nmfnr  i-rlls  which  have  mostly 
suftered.  The  posterior  corniia,  columns,  aTid  nerve  roots  are,  aa  a 
nile,  remarkably  healthy.  Throughout  the  highest  levels  of  the  cord 
the  numl>er  uf  cells  implicated  may  be  small,  but  as  the  cervical 
enlargement  Is  reached  the  destruction  may  possibly  be  so  vast  that 
there  are  arejis  of  the  cord  in  which  hardly  a  multiijolar  nerve  cell 
remains  in  the  anterior  horns.  Iti  the  dorsal  region  the  degeneration 
beeomes  less  evident,  l*ut  in  the  lumbar  enlargement,  again,  a  few 
(Useased  cells  may  be  seen  in  eacli  motor  group,  Clarke's  columns 
remain  unimpaired  (Leyden). 

Along  with  the  degeneration  of  the  nerve  cells  in  the  cord  there  is 
often  degeneration  of  the  pi/fatMttl  tmrts.     The  degeneration,  accord- 
ing to  Leyden  (No.  .^17,  viii.  1878,  p.  654X  closely  resembles  that  of 
deacending  secondary  degeneration  of  Tiirek  and  i.s  most  pronounced 
in  the  irossed  tnut.     The  remainder  of  the  anterolateral  column  may 
Jilsn  be    involved,  but   to   a    much    less   degree.     The  degeneration 
proceeds  upwards  as  far  as  the  middle  of  the  pons^  but  thereafter  is 
lost     It  is   most   evident  in   the    cervical   enlargement  antl    in    the 
liigher  dorsal  levels,  but  may  extend  downwards  to  the  lumbar  region. 
The  spinal   nerve   filw^es  involved   in   the    degenerated    tract    are 
atrophic  (Leyden),   their  transverse  measurement  is  diminished^  the 
mwlulk  is  reduced  in  bulk  or  absent^  and  the  axis-cylinders  are  thin 
nrwl  never  swollen  as  in  tnie  sclerosis.     The  connective  tissue  is  con- 
veriwl  into  a  fine-meshed  network,  which  in  cases  of  minor  intensity 
contains    oil    globides.      In    more  severe    cases,    comijound    granular 
corpuscles  are  found  lying  in  the  degenerated  parts. 

The  fibres  of  the  hfffM>fjkK^s<ti  iif.rve  are  generally  the  seat  of  extreme 
fatly  degeneration.  The  n^yeline  becomes  segmented  and  absorlied 
in  places.  There  are  only  a  few  fibres  in  which  a  cylinder-axis  can 
be  clearly  made  out,  and  oil   globules  are  abundant.      Other  nerve 


eM 


THE  NERVOUS  SYSTEM 


PART  IV 


trunks  connected  with  the  paralysed  muscles  are  implicated  in  nuying 
degreeg. 

The  muscular  fibres  of  the  t4>ngne  present  a  shmnken  app^ar- 
unce  Hnd  in  miiny  places  have  vaninhefl.  The  spaces  left  between  them 
are  either  filled  with  fat  or  simply  ^ith  increased  connective  fibixMli 
tusoe.  Other  mttscles,  however,  in  addition  to  being  reduced  in  flijM^ 
^how  large  numbers  of  oU  globules  in  their  interior — a  true  fatty 
tk'gencnition.      Pigment  j^anules  are  seen  in  and  aroimd  thein. 

The  Lenticular  Nucleus  and  Bulbar  Paralysis, ^ — Many 
cases  are  now  on  reconl  where  tlve  disease  has  been  due  to  cerehral 
catwee  (lee  Ross,  No,  521,  v.  1883^  p.  145  ;  Raymond  and  Artaud, 
No.  528,  viL  1884,  p.  145;  and  others).  Ross  dmws  HtteuUon 
to  seyeral  eases  where  the  lesion,  a  focal  apoplexy,  a  cystic  cavity, 
etc,  was  located  in  the  lenticular  nucleus  or  in  )H:)tb  lontieukr 
nuclei.  He  supposes  that  the  path  between  the  cortex  cerebri  and 
medulla  oblongata  is  cut  across,  and  that  the  symptoms  are  due  to  this, 
not  to  the  dnniage  inflicted  on  the  lenticular  nucleus  itself.  There  i« 
thi»  difference  in  the  character  of  the  disease  when  of  cerebral  origin, 
naraoly,  that  it  comes  on  suddenly  and  is  sometimes  at  first  associated 
with  aphatiia  and  with  some  paralysis  of  the  extremities,  llieae 
epiphenomena,  however,  soon  pass  off. 

On  turning  to  p.  632  it  will  be  found  that  the  outer  cap«ule 
is  de8cril:»od  as  partly  composed  of  fibres  which  descend  from  the 
third  frontal  convolution  and  operculum.  Ijuite  po85il>ly  it  is  by  prca*. 
ing  upon  these  or  by  tearing  them  iiismidtT  that  the  lenticular  nucleus 
origin  of  the  disease  i^  to  be  accounted  for. 
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CHAPTER  LXXXIII 
THE  NERVOUS  SYSTEM— (Continued) 

Diseases  of  the  Optic-conducting  Apparatus,  and  of  the 
Centres  connected  with  it. 

The  Optic  Connections. 

945.  There  is  perhaps  no  nerve  in  the  body  whose  origin  is  so 
subtle  and  diffused  as  the  optic.  Seeing  that  through  the  optics  a 
greater  number  of  impressions  are  conveyed  to  the  brain  than 
through  any  other  channel,  this  might  only  be  expected.  It  can 
be  said  without  exaggeration  that  there  is  hardly  a  faculty  of  the 
brain  which  is  not  in  some  way  bound  up  with  the  sense  of  sight. 

The  Cbiasma. — In  Man  and  in  nearly  all  the  higher  mammals 
the  decussation  in  the  chiasma  is  incomplete.  The  direct  fibres  lie  at 
its  outer  and  upper  border.  Stilling  (No.  14,  xviii.  1880,  p.  472)  is  of 
opinion  that  the  uncrossed  fibres  are  just  about  as  numerous  as  the 
crossed.  This  is  not  the  general  opinion  at  the  present  day.  It  is 
usually  held  that  the  uncrossed  bundle  is  somewhat  smaller  than  the 
crossed.  The  uncrossed  fibres  supply  the  outer  aspect  of  the  retina, 
while  the  crossed  are  distributed  to  the  inner  and  posterior  regions. 

Ganglionic  and  Cortical  Origins. — The  origins  of  the  optics 
may  be  divided  into  two  sets — the  ganglionic  and  cortical.  By  the 
ganglionic  sources  of  origin  are  meant  those  which  are  rudimentary, 
and  which  are  found  to  be  common  to  the  whole  of  the  vertebrate 
kingdom ;  and  by  the  cortical,  those  which  apparently  are  superadded 
as  the  cortex  of  the  cerebrum  becomes  more  and  more  evolved. 


Ganglionic  Connections  of  Optic. 

946.  Before  v.  Gudden's  researches  on  the  terminations  of  the 
optic  nerve  were  published  (No.  518,  xx.  1874,  p.  249)  it  was 
customary  to  regard  the  optic  tract  as  being  connected  not  only  with 
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the  luiterior  corpora  quEdrigemina,  pulviiuir,  ami  external  geniculate 
bodice,  but  iilno  with  the  intanml  geniculate  hfMliei*  unci  the  posterior 
ooqjom  quaclrigcmina.  By  the  peculiar  uiethwl  of  iiiveHtigiitiou 
which  Iwars  hi:^  name,  v.  Gudden,  however,  made  out  that  the  priniaiy 
optic  cent^e^4  are  to  be  looked  ufx>n  solely  as  the  anterior  coryiora 
qujulrigeinina,  the  corpom  genieulat^i  ext^srna,  and  the  adjacent  j>art« 
of  the  thalamus  ojjticus.  He  aft-crwards  persnatled  himself  that  the 
corpora  geniculata  irUerna  and  the  po«terior  corp<ira  ipiadrigemina 
have  no  connection   whatever  with  the  ojitica  (No.  517,  ii.   IB70, 
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FMk  4At,^0iBpcnnov  or  mm  Oemmm  or  Ome  X%Mn 
(«<A)  Ollkeionr  \me% ;  («.«>)  opUa  nunw :  it.f,y  tntpr  elti*f««tiii ;  (ofU.)  aiitte  tnct ;  (r.<i.|  e 
■ItllM  ;  01  K.)  ihlnl  tmrtmi  (cf.)  orr«brml    imlutirk  ;   (p)  poiit;   («i#A)  tOip 
^iKl lllUll .  (r»ir-(-^  njr|jrti*   i^ulrtiUtuiti    tiiLrrtiini) ;    (f)  lli&Ltnitiii  r   (<.4f.n,)  Murptt*  i 
SUtaftll*. 

p*  711).     Furel  jinicticallv  a^urs  with  V.  UuddttU  in  Llie«e  pariiculftn 
(No,  517,  vii.  1877,  p.  VJ-\). 

Darkschcwitscha  histological  re>*«';ur|jrH  (Xo,  51,  1886,  Anat 
AKf  p.  266)  also  support  the  \iew  jn^t  f|uut^  ad  that  of  v.  Gadden. 
Hi»  conclusiona  are  briefly  as  followsj : — 

(1)  The*  posterior  corfttta  t|iiBdngoiniiium  is  uot  connected  witb  tlie  tnctiu 
opticuii. 

(3)  Tha  oorpai  genlciiUtum  intemam,  simllftrly,  hu  no  ooimectioii  with  optic 
fibm. 

(3)  He  throwi  doubt  npon  tbe  pnhnnar  Wing  «  primary  optic  ceotrt,  &nd  my% 
that  th«  mo«t  of  the  fibr««  f^ing  to  thi«  body  may  be  tmced  tmiotcrruptedly 
tllfOQ(^  it  to  tbe  antrrior  corpus  quailHcpnoinmn* 
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(4)  He  ifi  seeptie&l  even  of  the  alleged  origin  from  tli«  external  'geniculate 
1}%  tho  fibn?s  which  api>arently  t?nter  it,  he  says,  passing  in  reality  tltrough  it. 
le  explaina  tht*  fUnii notion  in  si^e  of  this  body  which  follows  enucloation  of  the 
Opptmite  eyeball  by  sliiinkagL*  of  those  fibi^ea. 

i&)  Datksohewitsoh  ftcce|its,  in  fact,  only  one  primaiy  centin;  for  tlie  viauft]  fibi*«a 
of  the  optic,  namely,  the  atitt*iior  corpus  <|iiadrig(.*miiiuni,  although  he  admits  that 
other  fibrea  derived  from  the  pineal  glami  aud  ganglion  habenulLf  jcihi  the  optic  in 
the  neighlKturbacKl  of  the  external  gentenlate  iKxly,  but  the^  he  ri'gards  as  pU]tiUary 
in  their  distribution  and  function. 

(fj)  He  cannot  support  the  view  of  Charcot  (No,  524)  that  optic  fibrai  erosa  in 
the  corpora  quadrigemina  and  become  implanted  in  the  aubatanee  of  the  corpora 
4|tui4]rigeiuina  of  the  opposite  siile. 

(7)  He  cannot  find  any  evidence  of  either  the  pidvinar  or  corpus  genieulatum 

externuni  being  connected  to  the  cortex  by  a  special  bundle  of  fibres,  and  thhjki 

that  the   diminution  of  their  size  in  v.  Monakow'a   expenmcnUl   extirfwition  of 

f|N>rtioD9  of  the  cortex  must  have  been  due  to  shrinkage  of  the  fibres  which  surround 

He  grants,  however,   that  there  may  be  a  bundle  connecting  the  anterior 

x>ra  quftdrigemina  with  the  gray  nnintle  of  the  hemisjihere. 

It  would  thus  seem  that  recent  researches  tend  to  fix  the  main 
ganglionic  point  tjf  oi  ij^nn  of  the  human  oiitie  tract  in  the  anterior 
corpus  quadrigeminuni,  any  further  attachments  which  the  tract 
in  this  ni'i>^bl>oiirhu(Mj  lieint;  small  and  somewhat  ill  defined. 

the  most  the  corpus  qnadrigcminum  anteriu^  the  corpus  genicu- 
lattim  externum,  and  the  pulvinar  seem  to  be  the  extent  of  the 
rudimentary  or  gan;^'1ionic  connecticms. 

Comparative  Anatomy,— This  ia  very  much  wliat  migJit  be  expected.  In  tlu 
Jish^  the  optic  b>bea,  which  are  considered  to  be  th*'  hmnulogue*  of  the  anterior 
wrpom  quadrigeniina,  apiiarciitly  constitute  the  sole  points  nf  origin  of  the  nerve. 
In  tht  birti^  where  the  thabuiiuM  is  large  relatively  to  the  size  of  the  rest  of  the 
bnin,  a  bmnch  is  sufK-roddcd  froFo  this  ganglion,  a  bmnch  which  ]ioftsibly  is 
rrpTid^nted  in  Man  by  tliat  which  i.s.siK's  fiom  the  pulvinar. 

In  the  higher  Mamtnalia,  however,  and,  as  might  be  sup^KMiedi  in  Man,  the^ 
branched  of  the  nerve  be<:^me  comparatively  insignificant  It  is  even  doubtful 
whether  tlie  centres  from  which  they  spring  have  anything  to  do  witli  vision.  As 
dw  oercbtal  mantle  Increanes  in  extent  and  complexity,  the  functions  of  vision 
pct»|«^r  which  originally  were  i-esident  in  the  above  ganglia  apparently  become 
ttanaferrcd  to  it. 

Cofiical  Coumdiom  of  the  Optk. 

947.  A  complete  account  of  these  would  be  far  beyond  the 
|*osgibilitie3  of  the  present  treatise.  Oratiolet  was  of  opinion  that 
the  optic  nen^e  communicated  with  almost  every  region  of  the 
cerebrum,  and  although  this  may  be  an  ove^st4Lt^3ment  of  the  extent 
of  its  ram ihcat ions,  yet  it  nnist  be  saitl  that  the  corticid  connections 
of  lhi«  nerve  are  far  more  widespread  than  m  generally  .supposed. 

They  commence  at  the  iiosterior  a.spect  of  the  chiasma  and  are 
wntiime*!  bjiekwards  nearly  as  far  as  the  geniculate  bodies.  On 
hooking  at  Fig.  458  it  will  be  seen  that  the  optic  tract  in  its  course 
Wkwards  is  in  contact  with  the  anterior  perforated  Bpace,  and  has 
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the  pedimcuUis  cerebri  lying  to  its  inner  side  and  somewhat  alcove  it,  [ 
If  an  Attempt  he  made  to  dissect  the  tj'act  off  from  theae  [uais  in  tha 
fresh  brain  it  will  be  found  that  eo  tirmly  is  it  attached  to  them  thai ; 
it  h  necessary  absohttely  to  cut  through  the  bond  of  communication  ^ 
before  the  tract  can  be  disunited.     As  may  Ik?  seen   ou   &u(K*rficlal 
examimttion,  the   liond   of  ujtioii  i^  not  connective   tissue^  but  white 
bniin  substance.     This  white  brain  substance  includes  many'  of  the  | 
most  imp*rtiiTit  cortical  connections  of  the  nerve. 

In   the  various  drawings  given  of  perf>endicular  Elections  of  the 
bniin  in   Figs.  436  to  443,  it  unll   be   noticed  that  the  parts  wkicli  i 
immediately  overlie  the  optic  truet  are  the  Kosjtl  ganglia. 

One  of  the  chief  connections  of  the  optic  with  the  cortex  appeara  j 
til  U«  effected  through  tlie  lenttculaf  nucleus  loop  and  the  stris 
medullares  interstH'ting  the  leniicidar  nucleus.  The  lentiaikr 
nucleus  loop  is  derived  nuiinly  from  the  coalition  of  these  *triii*  . 
medultareH  Iwylow  the  lenticular  uucleud.  When  it  is  examine<l  with  I 
tk  low  power  after  staining  by  the  hiematoxylene-copper  method  rt  m\ 
seen  to  t>c  composed  of  a  dense  network  of  nerve  fibres  A] 
great  fjart  of  the  fibres  iBsuing  from  this  network  enter  the  optic  J 
tmct  Immediately  over  the  chiasma  there  is  a  sjiecijilly  large  btindlel 
of  the^)  which  goes  by  the  naiue  of  Meyncrt's  eommisatirc  Thej 
remaimler  of  the  fibres  of  the  lenticular  niu'leus  loop  passes  into  thol 
inner  capsule,  and,  it  in  genendly  8upiM>sed,  run  downwards  in  the  1 
ptsdunculus  cerebri. 

The  striie  medullares  appear  to  be  in  great  put  simply  a  cuutiri- 
gent  of  the  fibres  descending  from  the  vertex,  but  they  also  reeeiTO  < 
contributions  from  thwe  fibres  passing  throtigh  the  lenticular  nucloua 
from  without  inwards  (Fig.  441,  L.  N,).     Hence  possibly  the  optic  may 
1k3  connected  directly  with  this  gangbon  through  these  latter  fibres^ 

Then  some  of  tlie  corticid  connections  of  the  optic  evidently  reach 
that  nerve  through  the  outer  capsule  (Fig.  459,  r/.c.a/>.).     The  jjoint  J 
where  they  are  most  abundant  h  towards  the  posterior  extremity  of 
the  leniiculai'  nucleus. 

Others  are  derivetl  from  the  temporo-sphenoidal  lobe  (Fig. 
45i*,  t.sj./.,  (.fij,/,),  and  miiinly  fnmi  the  vicinity  of  the  tirst  and 
second  temporal  convolutions. 

The  connections  with   the   occipital  lobc  are  more  difficult   to  i 
follow,  but  evidently  the  fibres  run  forwards  in  the  occipito-pfirietJil 
band  (Fig.  445)  and  join  the  tract  towards  its  posterior  limit. 

Conclusions. — Without  entering  into  too  minute  detail  it  may 
be  said,  therefore,  that^  through  the  striie  medullaroi  aad  their  union 
lielow  in  the  lentictdjir  nucleus  loop,  as  well  as  through  the  outer 
capsule,  the  optic  is  in  commimication  with  that  part  of  the  cerebral 
ei>rtex  in  which  the  motor  centres  are  located ;  that  it  is  also  in 
direct  c«mimunication  with  the  first  and  second  temporal  eonvolutionit  'A 
and  that  the  fibres  which  reach  it  from  the  occipital  cortex  paais  alooigl 
the  occtpiU>|iarietal  liand. 
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Ennar  op  Bkmovjil  ok  DKSTRrcrioN  oy  thk  Eyebali^ 

94S.  The  greater  bulk  of  the  optic  fibres  &eem  to  deffmmaii  m  a 

diredmi  apwat^  So  that  where  the  eyeliall  h^i^  l^een  etiueleated  or 
completely  d^fltroyed  for  a  numlier  uf  ye^irs,  nm\  imrticularly  if  in  early 
life,  the  corresponding  nerve  siifiers  almost  complete  destruction. 
Little  more  than  the  sheath  and  the  fibrouB  septa  ib  lefU  The 
op]M>8ite  nerve  remains  intact  and  of  normal  dimensions.  The 
degeneration,  if  seen  mifticiently  early,  is  acc^mi^nieii  by  the  preeeiice 
of  compound  granular  corpuficlee,  as  in  an  ordinary  secondary 
defeneration  of  any  other  nerve  tracts 

It  wonld  thus  almost  appear  that  the  trophic  centres  for  the 
uptic  nerve  fibreiS  connected  with  \imm  projier  are  mainly  located  in 
the  retina.  CerUiin  of  those  fibres  of  the  optic  concerned  witli  visuat 
reflexes  prolwibly  have  their  trophic  centres  cl»ewhere. 

An  indentation   is  sometimes  notice<l   oti   the  same  side  of   the 
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Tai  Optk  Nnvi^  Cbuaia,  jlkd  TIuctb  iv  a  Cah  of  UnuufmKAi.  OtAicuatA* 


Iji)  Tte  vmrwtm ;  (b)  Um  mum  Jtwt  In  frant  of  the  chtMim ;  (f)  the  ehluuM  •{itttriorly :  C<0  tli* 
irtrliMiw  tboQi  lU  mliMlf ;  (i)  Um  oIiImimi  pfoatmitalf ;  (/)  tiio  tmo  tiacOt  tiul  A4Ju(ltaiiit  wr»j 


Chiasma  om  that  of  the  enucleation.  The  chiasma  appears  con- 
se»inenf  ly  less  bulky  on  this  side  tlmn  on  the  other*  The  indentation 
is  cause*!  by  tlje  destruction  of  the  direct  bnnd  of  fibre*. 

While  the  tiilVei-L'tice  in  size  of  the  two  nerves  i»  so  notable  a 
feature  there  is  little  alteration  to  be  seen  in  the  relative  size  of  the 
tracts*  The  opposite  tract  is  usually  a  little  smaller  than  tliat  on  the 
side  of  the  injury,  but  in  the  oldest-standing  cases,  even  where  the 
defect  may  have  tasted  for  a  matter  of  sixty  or  seventy  yeara,  it  ia 
bird  to  detect  much  diftbrence  between  them. 
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The  tracts,  however*  are  both  smaller  than  in  health  and  present 
Rattened  appearance.  On  microscopic  examination  a  path  of 
Jegeuemtion  is  found  in  each.  That  in  the  tract  of  the  same  side  as 
the  ocular  defect  lie«  on  the  dorso-mesial  aspect  and  dips  into  the 
centre  of  the  tract ;  while  that  in  the  crossed  tract  occupies  the 
ventral  aspect  and  lies  peripherally  (Fig.  460,  /). 

It  is  said  that  in  animals  the  nerve  nuclei  which  sutfer  are  the 
anterior  corpus  qiuidi  igeniinnni,  the  corpus  genicubitnm  extermim,  and 
the  piilvinar,  all  on  the  opposite  side.  These,  it  is  asserteil,  l^ecome 
flattened  and  suiier  involution.  In  the  case  of  Man  any  dirterence 
in  their  relative  size  on  the  two  side^  is  by  no  meani*  evident. 

In  two  of  the  ca.ses  which  the  author  has  examine*!,  the  occipital 
lobe  presented  an  abnormality.  In  one  of  them  the  oceipittvparietal 
fismire  was  much  deeper  and  wider  than  usual ;  in  the  other  there 
was  a  distinct  cross  furrow  in  the  neighbourhood  of  the  third  occipital 
convolution.  In  both,  the  abnormality  wa.s  Inlateralj  and  hence  may 
have  been  accidental.  There  did  not  appear  to  be  any  degeneration 
of  underlying  parts. 

A  question  comes  to  be  whether  mere  physical  inertia  of  the 
retina  from  opacity  of  the  media  in  front  of  it  will  occasion  an  ascend- 
ing tlcgenenition.  Certain  cases  of  cicatricial  opacity  of  the  cornea 
acqidred  in  childhood  seem  to  favotu  the  view  that  it  does.  In  these 
the  nerve  is  sometimes  smaller  than  that  on  the  opposite  side. 
Recovery  of  A^sion,  however,  takes  place  after  old-stivnding  ciitaract, 
a  fact  which  would  point  in  the  opposite  direction.  In  ordinary 
cataract^  however,  the  lens  is  seldom  iroi>ervious  to  light,  and  the 
dkease  usually  occurs  in  old  people, 

V.  Gudden  has  shown  that  the  atrophic  changes  following  excision 
of  the  eyeball  are  moi*e  readily  induced  in  young  than  in  old  animals. 


Effects  of  BivisroN  of  the  Opth-  Nerve,  Chiasma,  axd  Tiuit. 


949.  The  chief  effect  of  division  of  the  Optic  nerve  is  complete 
blindness  in  the  corresponding  eye,  with  loss  of  the  pupil  and  other 
refiexea  connected  with  vision. 

When  the  tract  is  injuriously  pressed  upon  or  divided,  say  at  B 
(Fig.  461),  the  direct  fibres  of  the  same  eye  and  the  crossed  of  the 
opposite  eye  are  severed.  The  result  is  that  the  outer  aspect  of  the 
retina  on  the  same  side  and  its  inner  aspect  on  the  crossed  side  are 
,  pamlysed.  These  areas  of  the  retina  are  fniictionally  homonymous.  The 
term  he  miopia  is  employed  to  designate  this  paralysed  state  of  the 
retina ;  that  of  hemianopsia  to  indicate  the  resulting  dark  half 
of  the  6eld  of  lision.  The  hemianopsia  is  interpreted  by  the  subject 
of  the  disease  as  being  on  the  side  opposite  to  that  in  which  the 
bmntopia  exists. 

Thus  if  the  left  tract  be  the  one  affected,  and  consequently  the  left 
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areas  of  the  retina  paralysed,  the  right  half  of  the  field  of  vision  is 
that  which  appears  unilluminated.  The  same  holds  good  of  other 
varieties  of  paralysis  of  the  retina.  Thus  temporal  hemiopia  or 
paralysis  of  the  outer  halves  of  the  retina  excites  nasal  hemianopsia, 
and  vice  versd, 

AMiere  the  hemiopia  affects  parts  of  the  retinae  which  act  in 
functional  harmony,  the  term  "  homonymous  "  is  applied  to  it ;  where 
the  parts  do  not  functionally  corre8iK)nd,  that  of  "  crossed  "  is  used  to 
indicate  the  condition. 

The    optic   tract  is  probably   the   only  part  of  the  conducting 


VU:  40l.— .S1.HEMK   OK   DlHlKIHITlON   OK    KiBREM  oK    THK    OlTIr; 
VARIOI  S    Lk^IONH  (iMl?  t«»Xt). 


HKiimiFR  WITH  81TE8  or 


apparatus  which,  when  dividcil,  causes  true  homonymous  hemiopia. 
The  dark  half  of  the  field  of  vision  is  sharply  separated  from  that 
which  is  illuminated  by  a  more  or  less  vertical  line.  When  one 
occipital  lobe  is  annihilated  a  somewhat  similar  state  of  the  field 
of  vision  follows,  but  the  line  of  sepjiration  is  never  so  defined. 

The  only  other  |)arts  of  the  brain  which  oeaision  a  hemiopic 
effect  when  destroyed  are  the  OCCipitO-parietal  band,  containing  as 
it  does  the  optic  fibres  from  the  occipital  region,  and  the  posterior 
extremity  of  the  thalamus.  In  lK)th  cases  the  explanation  of  the 
hemiopia  is  to  be  found  prol>ably  in  the  optic  line  of  communications 
with  the  cortex  being  interrupt^.     It  is  seldom  that  the  lesion  of  the 
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UuLkmus  in  aucb  cases  is  sharply  locAlJsed  ;  the  sensory  fibres  lying 
in  the  neighbourhood  are  usually  implicated,  and  hemianassthesiri 
foUows. 

When  the  chiasma  is  divided  in  the  middle  line,  in  an  animal 
with  incomplete  decussation  of  the  nerve,  the  sense  of  vision  is  not 
entirely  lost  (Nicati). 

If  it  is  destroyed  say  by  the  pressure  of  a  tumour  on  either  side 
at  C  C,  the  direct  bands  are  severed.  The  outer  asp<?cts  of  each  retina 
are  consequently  rendered  blind^  and  this  induces  a  double  temporal 
hemiopia  or  double  nasal  hemianopsia. 

When  the  destruction  takes  place  Over  the  chiasma  at  a  jwint 
D,  double  nasal  hemiopia  results — that  is  to  say,  both  inner  parts 
of  the  retina  are  rendered  blind^  parts  which  functionally  are  not 
homonymous.  This  is  interpreted  as  a  double  temporal  hemian- 
opsia. Images  become  superimposed,  and  a«  an  cfllect  there  is 
confusion  of  vision  mostly  experienced  in  walking. 

EFFErrrs  OF  Dkbtkuction  of  the  Occipital  Lobes. 

950.  As  already  mentioned  (Sect  922),  there  are  two  main  views 
arding  the?  cortical  localisation  of  visual  impressions  ;  the  one  that 
tBe  occipital  lobes  are  the  seat  of  their  reception,  the  other  that  the 
angular  gyri,  in  the  monkey  at  least,  are  also  concerned.  It  is  to  be 
borne  in  mind  that  et!ects  alike  with  those  resulting  from  destruction 
of  the  occipital  lobe  are  forthcoming  when  the  fibres  issuing  from  this 
lobe,  and  which  are  contained  in  the  occipitopnrietal  band,  are  cut 
across.  The  occipito-panetal  band,  as  will  be  seen  by  referring  to 
Fig.  445,  lies  very  close  to  the  cortex  and  inimed lately  under  the 
angular  gyrus.  Hence  injury  of  this  gyms,  if  at  all  deep,  would  be 
certain  to  implicate  the  band  and  to  occasion  effects  which  are  apart 
from  the  true  function  of  the  gyrus  itself, 

Whatever  the  real  state  of  the  case  may  be^  no  one  can  |ieruse  the 
aeciimulAted  literature  on  the  subject  of  lesions  of  the  occipitiil  lobes 
without  being  convinced  of  the  primary  importance  in  Man  of  the 
occipital  lol>e8  as  receptacle.s  for  the  storing  of  visual  memories,^ 

The  lesions  of  vision  resulting  from  cortical  destruction  may  be 
unilateral  or  bilateral,  complete  or  incomplete,  but  there  is  always  one 
feature  associated  with  them,  namely^  that  they  are  homonymotis. 


Cfjtikal  Blindness  and  Psychiml  or  Menf<{i  BHmln^^s^ 

951.  These  two  terms  are  employed  to  indicate  certain  visual 
defects  resulting  from  lesion  of  the  occipital  lobe  or  lobes, 

'  Ad  excellent  collection  of  sucli  casie*  is  to  be  fomul  m  «  imper  by  Reiiiliflr<l  (No, 
i>17»  xvvi,  1S86,  p,  717  ft  w/')'    Cnrionsly,  in  some  of  the  cAJics  ha  refers  to,  the  aiigubr 
I  gjni*  And  other  portions  of  the  piirititiil  lobe  were  implicated  simultaneously  with  the 
[>i»eef|»it*l  lobe,     lo  thcje  cwte^*  the  resulting  heminuopaiii  wa*  coniplt^te. 


eM 


THE  XKRVOUS  SYSTEM 


PABT  IV 


By  cortical  blindness  is  meant  paralysis  of  the  retina,  resTilling 
fmm  destmt  liuii  of  thi?  cerebral  cort^^r.  By  psychical  blindness  is 
undenstooil  the  obtiterauoii  of  the  vimml  meinanes  gained  during  the 
individualH  life  exjierience. 

Each  of  these  may  bo  complete  or  iiicomplett\  Thtis  the  nUiiia 
may  lie  paralysed  in  homonymous  halves  from  a  cortical  Ic-^ion,  the 
result  lacing  incomplete  cortical  hlindneaa,  or  what  is  termed  ecttital 
h^miopui.  Or  the  retina  may  Ijc  completely  [wimlysed  fmni  cortical 
causes,  6c»  that  the  individual  is  insensitive  through  vision  to  all  esctemal 
im|*ressicms.  Oirtieal  blimlueas  differ?*  from  blindness  induced  hy 
de^tinietiori  of  the  optic  nerve  in  the  fact  that  the  urdinary  refloxei  of 
the  pupil  remain  while  the  individual  may  be  perfectly  blind. 

}ritrd'hlmlnf%s  is  sometimes  said  nowadays  to  l>e  simply  a  variety 
of  psychical  blindness.  This,  as  preWously  explained  (Sect.  67 IX 
is  manifeertly  incorrect.  What  i:*  wanting  in  word  blindness  is  the 
faculty  of  tmnslating  the  \\^\\i\\  impression  received  from  the  written  or 
printed  s^-mlwls  into  their  corresponding  sourid-memories.  The  power 
of  rousing  up  the  auditory  memory,  by  which  alone  they  C45roe  to  bt 
intelligible^  is  lost.  Neither  the  auditory  centre  in  the  tcmjx>ro- 
■phcnoidal  lobe  nor  the  visual  centre  in  the  occipital  newl  be 
destroyed  to  induce  this,  but  the  lesion  must  evidently  lie,  for  raaaom 
befiint  describe*!,  in  the  link  of  connection  Iw.^tw^een  ihe  two — that  is 
t^i  say,  somewhere  in  the  neighlKMirhtH>d  of  the  convolutions  lionlering 
up«ni  the  l>as*>  of  the  tem|K>ro-8phenoidal  lol»e.  It  is  quit^'  (Missible 
that,  as  sometimes  happens,  the  losi(»n  might  extend  back  as  far  aa  the 
(iccipitjd  lol>o  it^ielf.  In  such  cases,  however,  other  eflects  Buch  aa 
csortical  hemi«»i>ia  wotdd  most  likely  l)e  present,  and  hence  the  cum 
wouUi  n«jt  l>e  one  of  pure  word  blindness. 

It  may  be  ipiestionexi  whether  tnie  psychical  blindness  can  ezilft 
without  a  corresponding  cortical  paralysis  of  the  retina.  Is  it  poe- 
sible,  for  instance,  that  certain  vistial  memories  may  1)6  obliterated 
without  vision  b<>ing  impaire^l,  or  do  they  always  go  hand  in  hand  I 
When  the  occipital  region  in  a  dog  is  excised  the  animal  heedlessly 
knticks  itself  against  objects  which,  in  its  normal  sUitc,  it  wouhl  have 
avotd<HK  It  behiives  in  such  a  manner  that  its  contlition  might  be 
inter]m»t4Hl  sw  ciiusi«d  by  imjKiired  or  lost  memory  ctf  the  meanings  of 
such  objecta — that  in  to  sjiv,  the  iinimal  might  bo  regarded  as 
psychically  blind.  It  is  4uit4?  ]>ossibk\  however,  that  all  these 
pbenomena  are  to  be  accounted  for  tiy  the  retina  1  icing  pirtiaUy 
piFahned* 

The  nearest  approach  to  a  pure  psyrhiml  ilefect  of  vision,  in  all 
probability,  is  ajitnt^MindnfM  either  of  congenital  origin  or  acquired. 

Ptijpchicd  blindocM  in  \U  inlncir  degress  ii  isid  by  R<(inhat\i  (No.  &17,  rriiL  \ 
t^f^T,  |>*  419)  to  rtBHilt  from  «U|ierfidjil  1  Anions  of  the  oocipitAl  cortrx,  it  amy  be  | 
wUhoat  any  cortiml  bHodaoM.  Corticnl  MindnMs,  on  the  other  haad^  is  nolked  I 
slWnsr  wbeis  ths  lesion,  in  addition  to  dentrojring  the  corticftl  grs^^  nisttsr,  cxttnde^ 
M>  deeply  a*  to  invoU'e  the  nnderlying  wliiir. 
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Mnuk  (Xo.  552)  waa  of  opinion  that  tlie  fibrea  issuing  from  different  loculitiea  of 
the  occti)ittil  region  in  the  dog  innervjitcd  arcad  rorrr^pwi-rfin^  in  positum  \\ithin  th« 
rctinit.     Tliia  is,  however,  somewhat  diffinilt  to  aubjjtantiate  in  the  ea&e  of  Man. 

Eeinh&rd  (he,  cU,)  ulleges  that  in  Man  tlie  jjecond  occipitfll  convolution  in- 
Derrates  the  nmcaU  lutca,  and  represents  the  point  from  which  those  tibrea  are 
projecttsi  most  intimately  couDeettd  with  vision. 

Lii^rtitnre  tm  Abtwmmliturjt  of  Vhftfru  i-oniwcfcd  irilh  CetUi'ttf  Lfsimts. —  Bcchtereff 
(V,)fPorcpption  of  Visual  Objects) :  Arch.  f.  PHjrhiat*»  etc^  Charkov,  xv.  1S90,  \*.  ]. 
Berger  {Cortical  Centre  for  Vision):  Brcslaii.  aerztL  Ztatdir.,  viiL  1885,  pp.  28,  37» 
51.  BerDhetmer :  Ueb.  d.  Selitierveiiwurzehi  des  Men&chcn  ;  Um>ning,  Entwicke- 
lung,  u.  VorUuf,,  189L  Brown  and  Schaefer  (OcdpitJil  nmi  Tern j>oral  Lobes  of 
Monkey's  Brain) :  Phil,  TrHns.,  tlxxix.  1889,  p.  303.  Chdatiani :  Zur  Physiologie 
d(9i  Gehinis,  188fi.  Damsch  (Unrest  of  Pnpils  and  Ceivbral  DjMase) :  "NeuroL 
Ontr»lbL»  Lx,  lftJ»0,  {>.  ^ftS.  Darkschewitsch  (So  called  Primarv  Oj>tiL*  Ccntiws): 
Arch.  L  Aniit.  n.  Eritwitklugsgesclh,  issQ,  Anat.  Ab.,  p.  249.  Delipme  (Ibmii- 
opia  from  Ocoipit-rt!  lyt-sion) :  Tranw.  Path.  8oe.  Loud.,  1890.  Donaldson  (Visual 
Atui  in  Latim  liridginan's  Brain^^ :  Amerii^au  Jonrn.  of  Psychol.,  iv.  Xo,  4. 
Aug.  1S92.  F^^  (\m\ii}  Centre):  Arcli.  de  neurol.,  ix.  188.^.,' j>.  222,  Ferrier : 
Bmin,  nl  18SS,  p.  7.  Frcund  (Optic  A^diaaia) :  Arch.  f.  Paychkt,  xx.  1888-89,  p. 
371.  Heboid  (CrossiTi^  of  the  Optics  m  Man);  Arch,  f,  Ophthal,,  xxxviii,  1892, 
1  Ab..  p,  221.  Henschen  (Visual  Pat}r.  ami  Centre) ;  Brain,  Ixi,  and  Ixih  1893,  p. 
170.  Loeb :  Arch,  f.  d.  ges.  PhyyfoL,  xxxiv,  1884,  p,  76.  Moeli :  Arch,  L 
Psychiat,,  xxii.  ISltO,  p,  73.  Motiakow  (Cortical  Exppninent4i  on  Animnb  and 
Observations  in  Man):  Arch.  i\  VnyMuL^  xiv,  1883,  jt.  699;  aho^  I  hid.,  xx» 
1HH8  89,  p,  71 1.  Munk  (Visual  Area  nf  Cortex) :  Bmin,  xiii.  1890,  p.  45,  TramL 
Nieden  (Slouch  of  Occipiljil  Lobe  in  Man) :  Arch.  f.  OphlhalinoL,  xxix.  Ab.  3,  p, 
143.  Reinhard  (Visual  Centie)  :  Anh.  i\  Psycbiat,,  xvii,  1885,  p.  717;  (thtt, 
Ibid,,  w\\l  1887.  pp.  240,  449,  Schaefer  (ViBual  Area) :  Brain,  xL  1888-89,  p.  1  ; 
Ibid.,  p.  145,  Schweigger  (Hemiopia):  Arth.  f.  Ophtlial,  xxii.  Ah,  iii,  p.  276. 
T.  Schultes  rBrain  iVessuie  and  CirLidalion  in  Eyeball,  Experimental):  Arch,  f. 
klin.  Chir,  .\xxii.  1885,  p.  4Ii5.  Scliuiz  (Unilateral  Tetnp.  Hernianopaia  Sinistra) : 
Areh.  f,  Psycbiat..  xvi.  1885,  p,  579.  Shaw  (Lesion  of  Angular  Gynis) :  Brain ^  v, 
1883,  |».  255.  Siemerling  (f  lUiurna  of  Base  of  Brain  involving  Chiasnia) :  Arch.  f. 
PiTeluat.,  xix.  1888,  p.  401,  Starr  (Analysis  of  Thirty-tMo  Cases):  Braiu^  vii. 
IrSs.  Thompson  and  Brown  (Centre  for  Vision):  Reseai-ch  Looniis  IjiIj,  .  .  . 
Cuiv,  City,  K  Vork,  1890,  p.  13.  Willbrand  and  Saenger :  Feb.  Sehatorungeti 
hei  fiinctionellen  Xervenleideri,  1892. 


Thk  Colour-Sense  and  Colour-Blindness. 

952.  The  centres  for  the  perception  of  colnur  and  space  are  now 
^Uftlljr  localised  in  the  occipital  lobes.  Willbrand  even  asserted  that 
*M  parta  of  the  occipital  lobe  for  the  perception  of  light,  colour,  and 
*pwse  are  arranged  one  over  the  other. 

There  are  verj^  few  individuals  who  are  totally  colonr-blind  or 
Hchroniatopic.  When  an  iiidiviilual  m  rjuite  colonr-l»lind  the 
Jf»ectruTn  ap[)ear8  uncolonred,  ahhongh  there  are  di Terences  in 
"^ghtness  at  different  |>itrt>>,  tho  l>rightcst  being  in  the  situation 
***  the  green-yellow.  There  arc  generally  said  to  lie  three  forms 
*>f  the  affection,  although  some  observers  deny  that  there  is  more 
than  one.  They  are  known  tis  (1)  red-lilindness  ;  (2)  green-blindness  ; 
*^  (3)  viol  et-blindTi  CSS.  Dal  ton  suffered  from  the  first  of  these,  and 
•i^^ce  the  affection  is  usually  called  Daltonism,  Bright  red  and 
djirk  green  are  confounded.     Blooil  apj>eared   to  him  to  resemble  a 
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liOtll©-greeii,  and  he  could  not  di«tifigiiish  between  the  colour  uf  n  rijit* 
cherry  and  the  surrounding  foliage.  He  was  able  to  detect  only  two, 
at  mo8t  three,  colours  in  the  spectrum.  As  Clerk  MAXwell  de- 
monstratedf  the  spectrum  in  this  and  other  varieties  api>ears  dichro* 
matic.  yellow  and  blue  being  the  two  colours  which  are  perceived. 
The  re<l  atu!  green  are  absent,  while  the  violet  end  of  the  spoctrum  if 
lost  in  the  blue.  In  Daltons  case  the  yellow  comprehended  the  red, 
yellow,  and  green  of  others,  but  his  blue  coincided  with  theirs.  That 
|»art  of  the  spectrum  which  others  call  re<l  apjKjared  to  hira  little  more 
than  a  ahade  or  defect  t>f  lights  and  the  succeeding  onmge,  yellow,  ami 
green  seemed  one  colour     This  is  what  is  usually  noticed. 

In  so-called  green-blindness  bright  green  and  dark  red  appear 
identical.  The  yellow  of  the  spectnim  lies  close  on  the  blue,  or  tliey 
are  se|mrated  oidy  by  a  gray  band. 

In  the  blue -yellow  variety,  if  it  exiat»  vision  is  said  to  l>e  again 
dichromic  ;  the  colours  which  are  i^erceived  are  red  and  green.  The 
blutv violet  end  of  the  spectrum  is  much  shortened. 

Colour-blindness  is  sometimes  unilatcnd.  As  a  rule  it  is  a  eoD> 
congenital  defect,  l)ut  may  follow  in  the  wake  of  cerebral  diseasei  or 
manifest  itself  in  those  with  incipierit  disease  of  the  optic  nerves,  such 
AS  that  which  fK;ciirs  in  locomotor  ataxia.  It  may  be  induced  by 
various  toxic  substances,  such  as  tolmcco  wben  taken  to  excess. 

Coloiu--btindne«8  occurs  in  almut  4  i>cr  cent  of  men  with  vision 
which  is  otherwise  normal.  It  is  ten  times  ajs  frequent  in  men  as  in 
womea 

Colour-blind  indii-iduuls,  although  never  toj  be  trusted  in  any  em- 
ployment where  absolute  distinction  between  two  colours,  such  as  red 
and  green,  is  essential,  get  along  wonderfully  well  notwithstanding 
their  defect.  The  reason  is  that  they  usually  see  a  ditTerence  in  the 
luminosity  of  two  bodies,  coloure<l  wiy  red  and  green,  A  cfilour  is 
|ftOS6esse<l  of  three  qualities — (1)  hu*-  or  tint,  as  when  we  8j*eak  of  red, 
green,  or  violet ;  (2)  imrity  or  degicc  of  jwitunition  (due  to  a  greater  or 
len  admixture  of  white)  ;  and  (*1)  ^m//i/iwrA<,  intensity,  or  luminosity 
as  when  we  dest*ril>e  the  tint  of  a  red  rose  as  dark  or  bright 
(M*Rendnck).  Hence  in  the  testing  uf  an  individual  wo  should  take 
care  that  the  luminasity  of  the  two  test  colours  is  ajs  nearly  as 
possible  alike,  otherwise  the  individual  may  be  able  to  distinguish 
l*etween  thcra.  Even  although  a  person  is  red-blind,  he  may  in 
ordinary  circumstances  bo  able  to  recognise  the  led  or  green  of  a 
signal  lamp,  from  the  fact  that  the  red  glass  employed  in  the  manu- 
facture of  signal  lamps  has  a  distinct  tinge  of  yellow,  while  the  green 
glaas  Is  conbiminutril  with  blue.  Tlie  |jure  colours  of  the  spoctnuii 
are  alone  strictly  reliable.  In  the  onlinar y  te^iting  for  colour-defect, 
however,  coloured  skeins  of  worsted  (Holmgren)  are  usually  employed. 
Tliaie  must  be  of  the  same  illuminative  fxiwer,  and  the  colours  UAe<l  in 
dyeing  them  mutt  lie  eliminated  from  all  traces  of  yellow  or  blue. 
The  indiviflual  under  examination  is  given  a  skein  of  green  or  red 
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worsted  and  is  asked  to  pick  out  from  a  mixed  lot  of  others  differently 
coloured  those  colours  which  most  closely  match  the  colours  chosen. 
If  colour-blind,  and  if  green  is  the  colour  selected,  he  invariably  picks 
out  the  red,  and  vice  versd  if  the  coloiu-  selected  be  red. 

The  two  theories  of  colour- vision  which  for  long  held  the  field,  and 
still  to  a  certain  extent  retain  it,  were  respectively  those  of  Young 
and  Helmholtz,  and  of  Hering. 

Young- Helmboltz  Theory. — This,  which  is  essentially  the 
theory  of  Young  (see  Bibliog.),  presupposes  that  colour  sensations 
depend  upon  the  stimulation  of  three  different  sets  of  fibres  in  the 
retina.  The  stimulation  of  a  single  set  gives  rise  to  the  sensa- 
tion of  red,  green,  or  violet  respectively,  while  all  other  colours  are 
simply  combinations  of  these.  The  sensation  of  blue,  for  instance, 
would  be  called  forth  by  the  simultaneous  stimulation  of  the  green  and 
violet.  The  excitation  of  any  one  set  of  fibres  is  dependent  upon  a 
matter  of  wave-length.  Those  waves  which  are  longest  excite  the  red 
fibres,  those  which  are  intermediate  in  length  are  appreciated  by  the 
fibres  conveying  the  stimulus  giving  rise  to  the  sensation  of  green, 
while  the  shortest  waves  affect  the  fibres  which  call  forth  the  sensation 
of  violet  The  explanation  of  colour-blindness  afforded  by  this  theory 
is  that  in  the  retina  of  the  colour-blind  individual  there  is  a  defect 
whereby  the  particular  nerve  filaments  for  the  reception  of  light 
vibrations  giving  rise  to  the  sensation  of  red,  green,  or  violet  are 
absent ;  that  the  defect  in  reality  is  one  of  the  retina. 

Aitken  (No.  623,  viii.  1873,  p.  389)  is  also  a  believer  in  the  three- 
nerve  theory.    The  three  primary  colour  sensations,  he  asserts,  are  red, 
green,  and  violet ;  that  is  to  say,  they  are  incapable  of  being  decom- 
posed, or  of  being  called  forth  by  a  combination  of  any  two  or  more 
other  colour  sensations.     The  three  sets  of  nerves  are  the  means  of 
conveying  the  impressions  necessary  to  excite  these  colour  sensations, 
and  the  only  thing  we  can  distinguish  by  these  nerves  separately  is 
intensity.      The  red  nerve  gives  us  the  sensation  only  of  red  in  a 
greater  or  less  degree,  the  green  nerve  that  only  of  green,  the  violet 
nerve  of  violet     He  alleges  that  each  set  of  nerves  is  thus  comparable 
to  our  heat  nerves,  capable  of  detecting  intensity  only.     If  we  had 
only  one  set  of  nerves  in  the  eye,  we  could  have  but  one  kind  of  sensa- 
^11  when  light  falls  upon  it,  and  the  light  from  different  objects  would 
^Mfer  only  in  intensity.     This  theory  explains  why  yellow  and  blue 
^^  be  produced  by  mixing  the  colours  in  the  spectrum  on  each  side 
of  them,  while  neither  red,  green,  nor  Wolet  can  be  produced  by  any 
nwxtures. 

'Hie  secondary  colour'  sensations  such  as  yellow  and  blue  are  com- 
pounded of  two  primaries,  and  are  due  to  the  range  of  sensibility  of 
^^  of  the  above  nerves  partially  overlapping.  Thus  yellow  is  the 
^^t  of  the  red  nerve  being  partially  sensitive  to  vibrations  which 
^  excite  the  green.  The  red  nerve  is  not  only  capable  of  appreciat- 
^%  and  conveying  the  vibrations  at  the  extreme  end  of  the  spectrum 
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which  occasion  tho  geTiflatioii  of  j)U!'e  retl,  but  also  of  those  which  lie 
Lntenncdiiit€  1)etwoen  the  red  mid  the  groctt ;  while  the  grean  iMmre 
•jmitiirly  win  convey  vihnitions  not  only  corresjxmding  to  the  araa  of 
green  in  the  B|>cctrum»  hut  n\m  of  thosti  which  lie  l>etwccn  tho  red  And 
iho  green.  The  result  of  this  douMe  t^onmUion  l»  the  prnchiction  of 
the  con4>ourid  or  secondiuy  colour  nensiition,  ^frthw  having  its  point  of 
greatest  intensity  midway  between  the  rtnl  and  the  green.  In  a  lllce 
manner  he  accounts  for  the  hhtr.  It  ig  essentially  a  com|K>nnd  sensa- 
tion made  up  of  green  and  vit>let,  and  is  due  lo  the  overhippini:  of  the 
range  of  senBibility  of  the  green  and  violet  nerves. 

Among  other  poAfiible  cauAes  of  coloui-hlindness  he  admit^s  the 
following  :  ( 1 )  That  the  sensations  of  two  of  tho  three  above-referred* 
to  nerves  is  the  same.  (2)  That  the  nerves,  instead  of  Appreciating 
only  tho^  light  vibrations  of  the  particular  wnvedcngths  which  gi^** 
rise  in  the  normal  eye  to  the  senisations  of  red,  green,  and  violel 
respect!  vely»  are  ao  const  rue  ted  that  they  possess  a  under  range  of 
sensibility.  Thus  the  red  nerves  might  l>e  sensitive  to  all  the  rays  to 
which  the  green  nerves  are  senniiive,  and  the  green  nerves  similarly  to 
all  the  rays  to  which  tho  red  nerves  are  sensitive.  Suppose  that  any 
of  the  mys  of  tho  spectrum  from  the  red  to  the  green  fall  uix>n  two 
sct«  of  nerves  so  related,  l»oth  would  be  excited  throughout  their  f^ntire 
mnge,  and  the  sensiition  priwhicod  woidd  l>c  what  we  call  ^dlmt\  The 
nervcH  might  individiuilly  be  conveying  the  siensations  of  reil  and 
green,  and  yet  the  person  might  actually  never  know  the  senstttiuni^  of 
these  colouii*,  liec^mse  neither  of  them  had  been  excited  scjKirutely. 
(3)  That  one  set  of  nerves  is  wanting. 

Hcring*s  Theory.— This  alternative  theory  is  essentially  one  of 
contrast  colours.  Hering  niainUitns  that  tho  primary  viatial  son8ations 
are  white,  black,  red»  yellow,  green,  and  blue,  and  further  that  they  may 
he  arninged  in  three  pairs  in  the  above  order,  the  one  colour  comple- 
mentary to  the  other — white  to  black,  red  to  green,  yellow  to  blue; 
The  phenomena  which  leiid  to  the  assumption  of  the  association  of  tbo 
fundamental  colours  in  pairs  are  those  coiuiectedwith  colour  after-iniagetfc 
and  the  fact  that  the  colours  which  are  arranged  in  [nairs  muttially 
neutralise  each  other,  llius  we  tind  in  Nature  that  a  colour  catuiot 
be  seen  as  rerl  and  green  simultamxiusly.  We  have  no  knowledge  of 
a  r«ddish-grecn  colour,  whereas  the  colours  from  different  groups  may 
be  readily  enough  associated.  We  are  familiar,  for  instance,  with  what 
is  meant  by  a  bluish-green  or  a  yellowish  gi-een,  and  a  re<l  which 
inclines  either  to  yellow  or  blue.  Herings  hypothesis,  moreover, 
assumes  the  presence  within  the  retina  of  visual  substances  which  are 
eonntiuctively  or  destructively  intiuenced  by" waves  of  varying  length. 
These  substances  are  proluibly  three  in  numlter  ;  one  for  rofl-groen, 
another  for  yeUow-blue,  and  a  third  for  white  black.  Thus  when  a 
ray  of  a  particular  wave  length  falls  on  the  retina  it  induces  met«lK>be 
changes  in  one  of  tho  visual  substances  of  a  constructive  nature,  while 
a  ray  having  a  different  wavelength  has  the  effect  of  exciting  changes 
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a  destnictive  nature.  Those  changes  which  give  liso  to  the 
iitiotm  black,  gi*een,  and  lihie  are  processes  of  assimulation  or 
coristmction  ;  those  which  occasion  the  sensjitions  of  white,  retl  and 
yellow  are  processes  of  dissimulation  or  destnictiotu  When  a  wave 
of  a  particular  length  acta  ujion  the  substance  concerned  with  the 
red-green  sensation  it  induces  a  tlestructive  or  katAlwulic  action  within 
I  it,  and  the  senRation  is  interpreteil  atj  red  ;  when  a  1io;ht  wave  of 
shorter  length  falls  upon  it  the  resulting  Fnet«il>olism  is  constmctive  or 
anabolic,  and  the  sensation  is  interpreted  as  green.  When  the  entire 
rrays  of  the  spectrum  alight  upon  the  retina,  the  one  neutralises  the 
Other,  but  as  the  white-black  substance  is  stimulated  destructively 
under  these  circumstances,  the  sensation  is  interpreted  as  white.  The 
two  processes  of  constmctive  and  destructive  mechanixsm  are  ajiparently 
in  constant  action  in  the  normal  eye. 

According  to  this  theory,  the  coirunonest  form  id  colour-blindness, 
namely,  the  red -green,  is  caused  by  the  red -green  substance  being 
[absent.  Coloured  after-images,  as  the  complementary  green  following 
exposure  of  the  retina  to  bright  red»  are  to  lie  explained  by  the  \  isual 
substance  having  been  destructively  aflected  to  begin  with,  and  a 
constmctive  action  having  set  in  afterwards.  The  same  holds  good 
with  yelli»w  and  blue,  and  white  and  black. 

Edridge  Green's  Theory. — All  these  theories,  however,  pre- 
auppcjse  that  the  essential  defect  is  in  the  letiria.  From  what  we  now 
know  of  the  visiml  centre  in  the  brain,  it  seems  (piite  as  likely,  if  not 
tnore  so,  that  the  vice  is  located  in  the  apperceptive  centre — that,  in 
fact,  colour-blindness  is  essentially  a  dij^ciise  of  interiiretation,  not  one 
which  is  bound  up  with  the  mechanism  placirjg  the  visual  centre 
in  communieatinn  with  the  periphery  ;  tlwt  it  is,  in  fact,  simply  a  form, 
and  proliabiy  a  very  pure  one,  of  eongenit^d  psychical  blindness. 

Edridge  Green  in  his  fascinating  work  on  the  subject  of  colour- 
blindness (No.  579)  has  taken  this  view  of  the  matter.  His  explana- 
tion of  the  colour  sense  is  as  follows : — - 

Suppose  a  large  number  of  regularly-shaped  bodies,  spheres  let  us 
say,  all  tlirtering  in  size,  but  very  finely  giaduated,  were  i)!aced  in 
consecutive  lineiir  series,  the  greiitest  points  of  difference  in  the 
««rica  would  be  at  the  beginning  and  the  end.  The  next  greatest 
point  of  difference  would  be  in  the  centre  of  the  series  j  and  the 
nejtt  a^in  woidd  be  midway  between  the  middle  point  and  either 
end,  and  so  on.  He  holds  that  the  different  colours  are  due  simply 
to  points  of  greatest  dirterence  in  the  wave-lengths  of  a  dispersed  ray 
o^  light     The  whole  matter  is  one  of  interpreLfition. 

A  dispersed  ray  of  sunlight  constitutes  an  almost  perfect  physical 
*^8.  The  sensations  of  colour  which  it  calls  forth  are  due  to  the 
*Wference  in  the  wave-lengths  of  its  vibrations.  Those  vibrations 
^Wch  excite  the  sensation  of  red  are  the  longest,  and  are  placed  at  one 
*^  of  the  spectrum  ;  while  those  which  call  forth  that  of  violet  are 
Mi  shortest,  and  are  placed  at  the   opiK)sit6  end  of  the  spectrum. 
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There  iirt*  vibrations  beyond  these  points  which  excite  neither  the 
sensation  of  light  nor  that  of  colour,  and  Jience  fail  to  Ik?  [icrcdiriKl 
through  the  sense  of  vision.  The  vibrations  of  the  extrente  rtnl  niy« 
Uke  place  at  the  nite  of  .195  billtona  per  second  ;  tiiose  of  the  extit?me 
violet  at  the  mte  of  763  liillions  per  second.  Let  A  B  (Fig.  462,  L) 
represent  the  physical  light  series ;  a  and  6»  being  the  end  niembcfiBi 
repreeent  therefore  the  ix>ints  of  greatest  difference.  The  third  ]x>int 
of  greatcHt  difference  will  be  in  the  middle  of  the  series,  namely  at  r. 
The  fourth  at  d  d,  and  so  on. 

A  iiornially-constituted  individual  ou  looking  at  the  speetrum  of 
simlight  can  recogniMs  six  colonics — that  is  to  say,  he  ia  poaaeaiied  of 
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hexachnmnc  nsion.  They  are  red,  orange,  yellow,  greon,  blue,  jind 
vi<ilet.  Sup|>o6tng  that  the  area  ui  any  one  of  thcuo  ooloun  bo  ex- 
amirie<l  through  a  luitnjw  slit  in  a  dark  screen,  it  will  \je  found  that  it 
is  ap|)areiitly  made  up  of  &  senea  of  rooncxhromatic  \iamh  (fi,  6,  r,  etc^ 
Fig.  iG2,  UI.)  or  what  he  calls  ahmluif  p^pclio-phyKiml  unih  ;  while 
to  the  whole  series  (A  B)  of  any  one  colour,  say  of  the  green^  he 
applies  the  term  apprfmmatr  pufffho-phf/skol  unii.  An  absolute  pnycho- 
physieiil  unit  is  thus  nnule  up  of  a  series  of  waves  whose  length  is  such 
tliat  nu  difference  am  lie  [>ereeived  between  them,  an'  (Fig.  462^  IL) 
rapnaaenta  an  absolute  jisycho physical  unit  at  the  end  of  the  violet^ 
i>  h'  at  the  end  of  the  red.  The  pointa  a  and  h  ana  still  the  two 
pointa  of  gi-eatest  diilereuce,  although  an  observer  would  chooae  tlie 
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pointfi  c  i\  The  flpproximate  luitt  green  is  called  green  Ixjcause 
the  absolute  units  within  it  are  more  like  green  than  they  arc  like 
yellow  or  blue  ;  the  similarity  is  greater  than  the  diasinularit}'.  On 
looking  at  any  of  these  absolute  psycho-physical  units  dissociated  from 
iho^e  adjacent,  the  observer  could  not  say  which  was  the  yellow  and 
which  the  blue  side,  because  they  approach  to  absolute  nionochroma 
tisni.  We  can  have  a  monoeliromatic  i>atch  of  yellow-green  as  well  as 
of  pure  gi'een.  In  the  case  of  the  green,  however,  the  central  unit  is 
theoretically  and  actually  that  which  is  representative  of  the  puru 
colour.  In  the  aise  of  the  red  and  the  violet  this  is  not  so.  The 
OJiit  of  purest  colour  in  the  red  should  be  theoretically  (t^  n\  and 
in  the  violet  A*  h  (Fig.  4G2,  IV.).  They  are  the  psycho* physical  units 
adjacent  to  the  real  (physical)  points  of  difference.  An  observer,  how- 
ever, might  found  his  ideu  of  red  upon  the  unit  h  r. 

Coming  now  to  apply  this  theory  of  colour-perception  in  the  ex- 
planation of  the  phenitmcna  of  colour-lilindness,  it  is  evident  that  all 
the  possibilities  of  that  affection  might  be  explained  on  the  basis  of 
personal  variation  in  the  apperceptive  power  of  each  individuaL 

Firstly,  a  person  may  be  toUilly  wanting  in  the  power  of  perceiving 
colour ;  he  is  perfectly  achromatopic,  and  the  spectrum  to  such  an  in- 
dividual appears  simply  Ijrighter  or  darker  according  to  the  inten.sity 
of  the  light. 

Secondly,  the  perception  of  colour  may  not  l>e  so  defective,  the 
indi vidua]  being  able  to  perceive  a  few  colours,  although  not  the  whole 
range  perceptible  to  a  normally-constituted  pei-son.  Thus  if  the  per- 
ception of  colour  be  not  so  defective,  the  extremities  of  the  spectrum 
will  ap^>eAr  feebly  tinted  with  red  at  one  end  and  violet  at  the  other ; 
while  the  part  intermediate  will  appear  gray.  As  perception  improves, 
the  colours  at  the  ends  wili  tend  to  ai>pruach  each  other,  while  the  gray 
interval  will  be  gradually  absorlied.  They  will  ultimately  meet,  and 
the  individual's  col  our -perception  will  then  become  dichromic.  In 
ftuch  a  caae  the  impression  of  gicatest  intensity  or  the  greatest  |>oint 
of  difference  in  the  two  groups  of  units  will  lie  nndway  between  each 
end  of  the  spectrum  and  its  centre^ — that  is  to  say,  in  the  situation  of 
the  yellow  and  the  bhie-\iolet  rays  respectively,  and  will  facie  off  from 
thia  on  either  side. 

As  a  matter  of  fact,  a  colour-blind  person  belonging  to  this  class,  on 
looking  at  the  spectrum  of  sunlight,  genendly  describes  it  as  made  up 
of  two  colours — yellow  an<l  blue.  The  one  gradually  passes  into  the 
other,  and  the  intensest  portion  of  each  finds  its  counterpart  in  the 
yellow  of  the  btittercup  and  the  bhie-violet  of  the  corn-Hower, 

The  next  step  will  be  the  perception  of  another  point  of  difference, 
and  this  will  be  located  at  the  centre  of  the  series — that  is  to  say,  in 
the  midst  of  the  green.  Such  a  person  will  be  trichromic,  and  the 
colours  which  he  will  apprccmte  will  be  red,  green,  and  violet. 

A  further  suVnli vision  will  take  place  in  each  of  the  halves  of  the 
spectrum,  between  either  end  and  the  centml  i>oint ;  and  aa  the  waves 
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are  longest  at  the  veil  end,  thu  now  fioiut  of  difierence  will  appear  first 
betweoii  the  red  and  the  green»  mvmely,  in  the  position  of  the  yellow. 
In  the  snrae  manner  the  next  point  of  difference  to  appear  will  be 
situated  between  the  green  and  the  violet,  namely,  in  the  ixieition  of 
the  bine. 

The  sixth  point  of  differenee  will  ap|>ear  on  the  red  side  of  the 
fourth,  namely,  in  the  jKJijition  of  the  orange.  The  seventh  point  of 
dilTerenee  will  l>e  locatetJ  between  the  green  and  the  vioh*t— lltat  h  to 
say,  there  will  ]*e  two  points  of  difference,  or  colours,  seen  Ijetween  the 
green  and  the  violet  inste^ul  of  one.  The  series  might  be  extended  ad 
infinitum^  but  as  no  one  a|>[>earg  to  be  able  to  appreciate  more  than 
seven  colours  in  the  spectrum,  it  is  needless  to  follow  the  argument 
further. 

LUtnUure  m  (7a^ r. i?/*Wri r«i,  —  Abney  :  Jouni.  8ij<',  ArU,  \b  ]h»m  '*_'    •«  ''Tn. 
Bmsctt:  Arc^k  Oi»1it1u  N.  V.,  x.  1.H81,  p.  1  :  aino,  Hrpriiit.     Cohn : 
ftQ^boreno  Furbenblindhpit,  1879  ;  alio,  Brrt  klin.  W(»ohn»ehr,j  xviiL  ]    -  ;>, 

DondefS:  Ann*  d'oeuK,  Unix.,  xxiii.  18&0,  \k  127:  "/«,  Brit  \Urd.  Jomu*;  l^^O, 
ii.  p  767.  Pick:  Arh.  *.  d.  phys^iol  Uk  d.  Wtirxb.,  iii.  U7($,  p.  213.  Halt: 
HriL  Mc«l,  Jouriu,  1^*69^  L  \k  W,  '  Helmholtz  i  Vi-iliandl,  il,  rmturli.-mi'Hl.  rer.  zq 
fleidrlb.,  18f»9-d2,  ii.  p-  1.  Holmgren  :  I>c  li  i  rcit.-  i]e3  i'oul«Mir9  tUm  ««e«  rapporti 
uvue  Icschfminiid*  fpr  et  Uiiiarim' :  7'n^W.  (torn  Su^'l]i^ll,  1.H77  ;  .f'-.  n,.  uiieit«| 
dvn  Herrn  Prof.  Cohn  ub.  FurUnMindln'it,  IS71^       Jeffries:  Colr.i  ^;  ifa 

l>aiig«M'A  iLnd  l>pt«etion,  1870  ;  nlso,  I^arict  t,  18.^0.  ii,  jk  7  :  Ihtd.,  p.  -  Jouni. 

Nurv.  »iid  Mr-ut.  Dia,,  N.  Y.,  vi,  18.hi.  u.  r.r^.  Leber  yin  DiHtaM-  ol  iIm.-  Ev«!  :  htrh 
klin.  Wwhiwehr.,  vii.  1870,  d.  8.  M'GiUivffty  lOntml  C<jlour  Dt^feol) :  brit,  Med. 
Jonm.,  1892»  ii.  p.  178,  Mackaj  i^auriutivi'  l*>ititnittiou  of  Colour  SetiM^ 
KrJl.  Med.  Journ,,  18^2,  iL  p.  *V2tl  Magnus:  Anli,  f.  OphtlL,  xxiv.  1878,  p  17K 
Mautfaner:  Allg.  Wi^n.  ttkhI.  /a^.,  xxiv,  1871*.  p.  491.  Nettleshlp  (in  Dimmuv  of 
0\Aic  Nrrvf*) :  Brit.  Med,  Jounu»  1880,  ii.  p,  779.  Poles :  Timn*.  Roy.  i^K,  Kdin.. 
xxxvii.  1893,  \%  IL  j».  -tJl.  Prcycr :  CeutmlM  I  d.  mwb  WimiaiiJMali  .  \i^  1*^1, 
p.  I,    Rose  lin  Sunluuiii  Poiw^ning):  Anli,  t.  jiatlL  Aiiut.,  xix,  IHrtO,  p  , 

XX.  1861,  p.  245.      Royal  Society  of  London,  Report  on,  1852.     R  d: 

N*turi%  xlvL  189$,  i».  342,  Stilling^ :  Ut^li,  F*rb<'iiwiin  u.  Kftrblindliiit,  li^7s. 
Wolfe:  Med.  Tim«i  »nd  (;«.,  187ti,  i.  pu.  372,  419,  Wright;  NinrtPfrnth  Cen- 
tury, x«xi,  1892,  p.  (J4&.     Young:  I'hiL  trans.,  1802,  pp.  12  »nd  387. 


MKCrHANISM    UV   THE    PlPlL    RkI-'LKXKS   KLICITED    BY    Lir.HT. 

95db  The  condition  of  the  pupil  is  of  the  greatest  dtAgiiostic  im- 
pottjuice  in  e©rebm!  fMithology,  It  is  to  he  borne  in  mind  that  diflisr- 
eiioet  in  aise  of  the  puptl  mny  be  Indui'tMl  either  by  sfrnfcm  or  parmlysis 
of  its  respective  munclfs.  Contr-actioti,  for  itistunco,  nmy  !»<»  the  reguh 
either  of  Sfm.8m  of  thtj  ftphinotcr  or  pftralysis  of  the  dihitor  pnpills*. 
The  ephin<"t4-r  pupilla*  is  controlled  by  the  third  nerve,  the  diUt4>r  hy 
the  symjiAthetic  tiiid  the  fifth. 

The  reHexea  of  the  pupil  called  forth  by  light  are  twO|  nsmely,  eon- 
tmction  on  exp(»§nre  to  a  bright  light,  iind  diUtfttion  on  removu  to  m 
dull  light.  The  former  is  brought  about  by  contmetioii  of  the 
sphincter  pupil!ip»  the  hitter  hy  c*jntraction  i»f  the  dihit4>r. 

The  roHcx  arc  concerned  with  cantraction  of  the  sphincter  is 
luaally  aaid  to  l»e  along  the  optic  nerves  and  tiucts  to  the  ojitcrior 
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corpora  quadrigemina,  thence  to  the  underlying  nucleus  of  the  third 
nerve  on  the  floor  of  the  aqueduct  of  Sylvius,  and  along  the  third 
nerve  itself  to  the  iris.  As  the  third  nerves  decussate  extensively 
across  the  middle  line,  a  stimulus  from  one  eye  causes  contraction  of 
both  pupils. 

Of  late  years,  this  reflex  connection  has  been  called  in  question. 
Bechterew  (No.  511,  xii.  1884,  p.  57),  from  experiments  made  upon 
dogs  and  birds  some  years  ago,  concluded  that  the  reflex  arc  for  the 
contraction  of  the  pupil  to  light  is  not  that  usually  accepted.  The 
ingoing  tract,  he  holds,  runs  by  way  of  the  optic  nerve  up  to  the 
chiasma,  thence  to  the  gray  matter  lining  the  third  ventricle,  and 
continuously  onwards  from  this  along  the  floor  of  the  aqueduct  to  the 
nucleus  of  the  third  nerve. 

There  are  several  bundles  of  fibres  communicating  with  the  optic 
above  the  chiasma.  One  of  these  is  Meynert's  commissure 
(Sect  947).  Whether  this  is  concerned  in  the  above  reflex  or  not  is 
still  unsettled.  Should  it  turn  out  that  Bechterew's  notion  is  true  it 
can  easily  be  understood  how  alterations  of  brain  pressure  might  induce 
^stimulation  or  paralysis  of  these  bundles  of  fibres.  They  lie  embedded 
in  the  lamina  cinerea  and  adjacent  gray  lining  of  the  third  ventricle, 
so  that  any  increase  of  the  pressure  of  the  liquid  tvithin  the  latter 
would  injunously  affect  them  (see  Brain  Pressure^  Sect.  905). 

The  fibres  concerned  with  contraction  of  the  dilator  can  be  traced 
to  two  sources.  One  of  these  is  the  sympathetic,  arising  from  the  spinal 
cord  in  the  neighbourhood  of  the  seventh  and  eighth  cervical  and  the 
first  and  second  dorsal  spinal  nerves,  the  so-called  cilio-spinal  centre 
of  Budge  (No.  556).  Another  is  from  the  fifth  nerve.  The  evidence 
in  favour  of  the  sympathetic  fibres  connected  with  the  dilator  pupillaB 
being  derived  from  this  part  of  the  cord  is  that  destructive  lesions  of 
the  above  cilio-spinal  region  are  known  to  cause  myosis  or  contraction 
of  the  pupil,  from  paralysis  of  the  dilator  fibres ;  while  irritative 
affections  of  the  same  part  of  the  cord  induce  mydriasis  or  dilatation, 
from  stimulation  of  the  same. 

Centre  for  Regulation  of  the  Phenomena  connected 
WITH  Accommodation. 

954.  The  third  nerve  is  evidently  that  which  is  concerned  with  the 
act  of  accommodation,  the  narro^ving  of  the  pupil,  and  the  convergence 
of  the  eyeballs  necessary  for  examining  a  near  object.  Fibres  of  this 
nerve  pass  into  the  ciliary  ganglion,  which  subsequently  are  distributed 
to  the  ciliary  muscle,  the  sphincter  of  the  pupil,  etc. 

According  to  the  experiments  of  Hensen  and  Volckers  (No.  518, 
xxiv.  Ab.  I.  1878,  p.  1),  the  movements  of  accommodation  are  quite 
independent  of  the  corpora  quadrigemina.  The  centre  which  regulates 
them,  like  that  concerned  with  light  reflexes,  appears  to  lie  on  the 
Aoor  of  the  third  ventricle  and  aqueduct 
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They  find,  when  the  cerebral  hi^mispheres  in  tho  tiarcotiseil  dog 
are  more  or  lest  completely,  and  the  corpora  qnadrigemina  complotcly 
removed,  so  as  to  expose  the  gray  matter  of  the  Hc»or  of  the  third 
ventricle*  and  aqueduct,  that,  on  stimulating  the  fl<>or  of  the*  third 
ventricle  immediately  over  the  coqioni  mammilaria,  close  to  the  mid«Ue 
line,  with  a  weak  induction  euirent,  movements  of  aecomm<Klation 
(tensor  choroideie)  are  elicited.  Contraction  of  the  irb  Is  induced  by 
the  application  of  the  electrodcMt  a  little  farther  liack  ;  that  of  the 
reetiw  iiitcmus  hy  stimulation  of  the  border  zone  between  the  af|Ueduct 
and  the  third  ventricle.  Then  follow  in  respective  onler  the  arcaa 
controllirj^  the  rectus  superior,  the  levator  jwil[Kibni-  fiU|wriori»»  th« 
n>ctU8  inferior,  and  lastly  the  obtiquus  inferior. 

Centre  for  Latkiial  Movemexts  of  the  Eyebaua 

955.  The  movements  of  convergence  of  the  eyeballs  induced 
stimulation  of  the  rto<:»r  of  the  aqueduct,  it  should  lie  remembered,  j 
quit*;  independent  of  Uujse  concerned  with  conjugate  contraction  of  the 
ticular  muscles  for  the  bit<3ra!  movements  of  th«  eyelmlls.  In  the 
former  case,  the  two  intei-nal  recti  come  into  play,  in  the  hitter,  th© 
external  rectus  of  the  oni/  eye  and  the  internal  rectus  of  the  other 
The  centres  for  each  sot  of  movements  seem  to  he  Apftrt^  for  while  the 
one  class  of  movement  may  l>e  jwiralysed  the  other  may  remain. 

It  was  suppisefl  by  Fnville  (No.  241,  iir.  liS58,  p,  393)  that  the 
centre  for  the  conjugate  lateral  movements  of  the  eyeball  resides  to 
each  abducens  imcleus  or  its  neighbourhood,  A  case  is  reported  by 
Fcrreol  (No,  150,  1873,  No.  xlvii,)  where  a  tul»ercle  alfeoting  the 
mideiis  of  the  sixth  wa?^  folio wetl  by  iianilysis  of  the  n^ctus  extcrnus 
of  the  one  eye  and  of  the  rectus  internus  of  the  other.  Thi?  jitiw^ir 
of  convergence  was  reUdncd  while  the  movements  of  nH)n(W!uljir  lisicni 
were  free.  Similar  observations  have  been  made  by  Wernicke  (No. 
517,  vil  1877.  p.  513).  Bennett  and  Sanll  (No.  521,  xii  1890, 
p.  102)  report  a  case  where  a  small  area  of  hirmorrhagic  deetnietlOQ 
in  the  left  abducens  nucleus  gave  rise  for  a  month  In^fore  defttb  to 
persistent  conjugate  deviation  of  the  eyel«ills  to  the  right. 

Exptrrimental  e\idence  also  supjKirts  tht*  viow  that  there  exista  m 
oi>orf limiting  reflex  centre  In  this  neighl»i»urhmjd — ^that  is  to  any,  in  the 
lower  part  of  the  pons.  I^liorde  (Na.  *i04,  1878,  No.  iii.)  and  Oraux 
(Xa  555)  have  shown  that  when  the  aUiucenH  nucleus  is  punctured 
in  aji  animal  conjugate  movement  of  the  eyeballs  follows  to  the  same 
«de  ;  and  when  it  is  destroyed  a  correspfinding  paralysis  follows,  with 
the  eyes  drawn  to  the  opposite  side. 

Ophtiialmopleou. 


056,  The  dieeaee  wa»  fimt  noticed  by  v.  Gracfe.^     The  patient^  a 
man  aged  forty,  in  whom  it  occurred  presenUKl  a  complete  (nuulyiia  of 
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all  the  twelve  motcHDciilar  muscles  with  preservation  of  nsion  and 
power  of  accommodation. 

Htitoliimtou'B  |^ia|ier,  publishtvJ  more  tlmn  twenty  years  iift«r  v.  Graefe'fl  Ri-st  eon- 
tributiou  to  the  sabjectj  dr^w  especial  atteDtiou  to  it  in  this  country.  The  works  of 
BtU2ard,  Bristowe,  aad  more  particukrly  the  very  thorough  poatliiimoua  puWit'ii* 
tinn  of  Wedtphal,  hiive  dotu^  truich  to  ^hicidato  the  ffathnlogy  of  this  renmrkable 
atfectiou. 


It  commences  usually  with  drooping  of  the  eyelids,  which  is  booh 
followed  by  weakuesB  in  all  thi>  nmselcs  influencing  the  position  of  the 
eyeball,  so  that  the  movemonts  of  the  eyeball  are  either  restrictetl  or 
lost  It  19  commonly  a  bilateral  affection,  but  has  not  oecessarily 
advanced  to  the  same  degree  on  both  sides.  The  fMiralysis,  however, 
spreiidij  among  fp'oups  of  muscles.  The  disease  may  be  aceompauicd 
by  locomotor  ataxia,  Graves'  disease,  hemiplegia,  wasting  palsy,  etc. 

Westpbal  (No.  517,  xxil  1891,  Supph  lift,,  p,  127)  found  in  his 
cases  that  the  lesion  aft'ected  either  ( 1 )  fhr  nucki  nf  fhr  <MultHfi*dor  nerves^ 
or  (2)  the  ruTue  trufiks  in  their  inimmj^daUan/  course.  The  fonner  is  the 
commoner  of  the  two  causes,  and  when  it  is  present  the  fibres  issuing 
from  the  nuclei  are,  as  a  rule,  sinmUarteously  diseased.  In  the  case 
of  the  abducens  and  the  oculo  raotorius  the  lesion  of  the  uucleus  is 
usually  bilateral-  In  some  crises  the  cells  have  gone ;  in  others  they 
are  .-shrunken  and  devoid  of  processes,  the  nucleus  is  indistinct,  and 
■vacuoles  are  occasionally  present  in  the  cell  protoplasm.  In  two  of 
Westphal's  cases  there  was  pigmentation  of  the  troch lean's  nucleus. 
The  fibres  tend  to  fall  to  pieces.  There  is  no  particular  tlisease  of  the 
walls  of  the  vessels,  nor  are  there  hivmorrhages  into  the  nerve  niulei. 
The  glia-tissue  from  which  the  ncrvt'  cells  and  fibres  have  disapj)eared 
is  rich  in  connective  tissue  cells,  especially  in  spider  cells,  which  often 
form  a  thick  feltrwork.  The  process  of  degeneration  ajji^ears  to  be 
one  which  is  prinmry  in  the  ganglion  cells.  They  seem  to  vanish 
simply^  by  shrinkage.     The  muscles  affected  lose  in  bulk. 

Tht*  fact  that  the  o<ndo-iiii)tor  mii»ele»  niAy  bt?  [mralysed  seiwirately  or  ixi  groups 
would  (mint  to  the  likeHl>oi>d  of  the  iiucIeoH  of  tht^  thir<l  nerve  being  fM?gnieuted. 
Darkschewitsch  (No.  51,  1889,  p.  107)  states  that  moning  on  either  side  of  the  floor 
of  the  aqufnliict  of  Sylviua  and  bflneath  the  anterior  corjmra  tpiadrigtsmina  there 
&re  two  gn)ii(is  of  oeUs  arranged  in  columns.  They  are  quite  ar{)arate.  The  lower 
in  undoubtedly  the  eUoeioal  uuelouH  of  the  third  nerve,  and  he  hotdt)  that  the  upper 
must  also  be  reckoned  as  ap[iertainitig  to  thiii  nerve.  The  two  tiuelei,  however^ 
difl«r  in  character,  particularly  in  regard  to  their  celU.  Those  in  the  upjier  niu^leiw 
•re  small,  those  in  the  lower  large. 

As  pirevionily  described  (p.  70i5),  Henaeu  and  Volckers  have  attempted  to  arrange 
thi  varioufl  subdivisions  of  the  thin:l  nucleus,  &om  experimental  evidence,  in  the 
folio  wing  order  from  before  backward:*  z — 

(1)  Accommodation  (t^^nsor  ehoroidea*). 

(2)  Sphincter  iridis. 
($)  Rectus  in  tern  us. 
(4)  Rectus  superior. 
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(5)  LevAtor  jHdfwbnt*  8ii|Niniiri«. 

(6)  RjMtiw  infrrior 

(7)  ObLiiiuuH  inferior. 
Bnu^i^  (No.  189»  xvii,  lHK1^-90,  p.  165)  Lua  also  Att^^mfitod  the  iiamr  on  Aoatomicttl 

grcnmds.  From  thft  hiKtological  «5ttLTni nation  of  the  third  Illld^UJ^  in  ihe  fcetti*  «im1 
in  tbtf  ttdult  he  concludes  that  it  iiiny  tn;  suMivid^d  in  the  following  ntJiiinivrr  U) 
an  iintrriorj^up ;  (2)  a  jK»8teromt<i*rrml  gn>n|i ;  i'3)  «  njiHliiin  nuclcuii ;  (4)»  {■ovtiErO' 
iTit«niAl  nurhniM  :  ami  (fi)  a  MnjHirior  iiiiriiMiM.  Without  rxprriAtng  any  l^oattivr 
opinion  ft*  to  thfir  runctioit?*  het  think*  it  likely  that  the  inferior,  anterior*  ami  |Kiiit«it>' 
laliTiil  iitichidirig  thf  «?xtcrn«l)  ^nu]»  of  nuclei  aro  oonntH-liMl  with  ihn  *»xtfiii*i«' 
{ilQaolM  i)f  till!  i<yi«Y)«ll  i\Ui\  thi«  *iliivatiir  of  thi*  «*yti|idN  ;  and  tliJit  thfl  moiii4n  and  tli« 
poetefO'inti'ntal  niK-liri  nvv  the  crntri'S  ftir  nccornifnodatiun  and  contraction  of  tlie 
\mpiL 

Liti'rnturr  (n*  (jjth//ut/unqifrtfut,  —  STMmvr^  (Ophthalinojilc^jO ;  In  hU  Atlas  <  . 
Clin.  M«xl.,  18til»  i.  p.  V22.  Bristowe :  Hraiu,  viii.  i8Ha,  p.  :il3:  lUmt  (C^jujuisat* 
Deviation  of  Eyc*»  from  Tumour  of  the  Touh),  Brain*  \iv.  1 8Hl  -flU^  p,  'JH{K  Buzxard  ; 
Bmin^  v.  \8HtU  p.  34.  v.  Gmefe :  Ajt?h.  f.  Ophth.,  isf.rt.  ]>.  *299  ;  1S««J,  ik  2^<i; 
obo*  llerl  klin.  Wochnsihr.  isns,  ji.  126.  Hutchinson:  Mfd,  Chir,  Tr»na,, 
Loud.,  Ui.  I>H78^  »♦.  21  f» ;  jj^ii.  li^7\K  ]^^  i^or.  Sauvincau  :  rathog^nir-  et  dio^oatie 
dm  ct[»hth«1mopltigii*a»  1892.  WestpluU :  Aroli.  f.  r^syrliiAt.,  xxti.  (Su|ppL  Bd.) 
1891«  IX  1. 


OiTrr  Neuritis. 

S>57.  Causes. — ^Thr  imi^ortnnre  of  this  fis  *vn  imlimiiun  uf  biuiti 
di«easo  ciiiin<»t  lit;  exuggerattM).  It  is  oiui  of  the  mmt  constant  imlictt^ 
lions  of  tumours  locuieil  iu  jklnio6t  any  part  of  the  l>niin.  It  nUa 
acconipnifs  hydrocephalus  and  basal  meningitis.  It  is  mre  in 
ahacH'H^s  of  ihf  bruin  siikI  in  focul  hji'nioirhit^L's. 

'riir*  diwt'iLHi*.  fiowever^  in  not  iilwayH  duo  to  intracniiiial  caudes. 
Orbital  tuniours,  periostitis  of  the  orbit,  etc.,  may  secondarily 
affect  the  nerve. 

It  is  ftUo  indticiHl  Hy  certain  general  inorUid  conditions  of  ih© 
body,  itich  ;i8  typhus,  measles,  pneumonia,  puerperal  and 
scarlet  fevers,  and  nmre  fKirtitnilarly  chronic  Brighfs  disease. 

Kx|H>i*nri!  t*i  i!i>hl  or  the  continued   intJueiice  of  a  brill jaiit  and  conccn- 
trat«-'d  lij^ht  haw  ln'on  said  to  oceanion  it. 

Forms. — There  are  said  to  be  two  varieties,  one,  where  the  cits- 
«aie  ecRn]ii«ii008  in  the  brain  and  descends  along  the  optic  nerve  to  tbe 
retina,  so-called  iU.%rtnding  opik  nmritis ;  another,  where  the  disease 
ariftCJi  in  the  retina  and  in  the  nerve  jttst  ua  it  onters  the  eyebidl,  the 
ao-oaOed  choh>4m  form,  m^g€d  pafiUn^  or  what  in  sometimes  known 
aa  ititnnufinif  opiir  neuritis. 


Dffeendin^  OjHk  NeurUii. 


V.  Graefe  euppom?d  that  the  starting-point  of  this  wus  a  meningitia 
It  is  the  form  oftenest  assodat^l  with  tumours,  and  occasionally  these 
certainly  are  accompanied  by  meningitis      Thi^  huwerer,  will  not^ 


i 


\  rmvK  A  immr  way  ammm  m  Poor?  or  Isysajhb 


Vw.  464. 

FlO,    4- 

<fc.«,,  \«.)ISQniltMar  tisrroinitwL  Th»>  drfc  point*  wltl»ln  thftm  w  iiaitmnm%arf  edU>  (ut) 
OtnLrU  mrutfi  (>,r.)  wntml  f win ;  (ff.t.>  utiWnirliiiotd  «iae«* ;  (<!'.)  4afsl  Biwatlt;  (ill)  «f««lir 
ttwQtf  aroutid  th*  ti«r%« :  (u.m.n.)  uenlo>tituttw  nrrvv  (Biniuiiotylrtitf,  RuaLu,  vitd  dAfflMX 

A  like  celluJju*  increato  can  be  noticod  Ijetwcon  the  individual  ncne 
fibres  (Pigs.  463,  404).  Thexifirve  fibres  liecome  irregularly  thickened 
and  prewot  an  unusually  v&rictme  appearance^  while  the  medullary 
abeatli  beeomes  granular.     In  advanced  cas^s  the  openings  in  the 


712 


THE  NERVOUS  SYSTEM 


PMMt  IT 


filirous  l)asia  of  tbe  nerve,  with,  it  nmy  1m?,  deatrnction  <»f  the  in*rve 
fibres.  The  corjdition  would  l)c  nametl  in  other  lo^udittes  ft  cirrhosis 
or  sclerosis  of  a  nerve. 

Its  Pathology. — When  we  come  to  iuquii^e  how  it  is  )>n>ught  al^iout, 
wc  meet  with  difficulty.  There  are  fMJssiyy  two  eircunistjincf*  which 
may  account  for  it:  (1)  Either  that  the  diseaao  of  the  hniiii  raiaes  the 
preosure  of  the  cerehro-spinul  liquid  i^*ithin  the  cranium,  and  that  thiA, 
through  the  free  communiaitiurj  which  exiHts  between  the  two,  react* 
wj>on  the  liquid  within  the  4*heath  (»f  the  nerve.  This  interferes  with 
the  circulation  within  the  r»erve  ilself  and  brinp*  nlM>ut  a  rhronie 
inllammatory  condition.  (2)  Or  that,  in  the  aua^  uf  bruin  tunmurs  at 
least,  the  di^eiii*e  is  simply  an  ext^'iii^ion  downwzirds  of  the  Kt-lerotic 
condition  of  the  bmin,  which  almost  always  accom|NLnie8  these  tumour« 
(«oo  p.  577).  It  cannot  Im*  duo  invariably  to  incrojiHed  lirain  pressure^ 
Iwcause  there  are  aises  where  from  a  tumctur  of  a  remote  |iart  of  the 
organ  the  neuritis  is  contined  to  the  eye  cif  the  same  side. 

llie  tiptic  neuritii*  which  follows  u|Mjn  tumours  of  the  brain  is 
quite  indet>endent  of  situation.  It  may  be  caused  by  a  tununtr 
located  in  idinost  any  part  of  the  orgaih  How  is  this  to  lie  accouDted 
for  t  Were  it  due  to  a  geneml  cause,  fluch  a»  the  iiicrea8e<1  preastirc^ 
of  the  cerebro-spinal  liifuid,  tlm  [leeuliarity  might  be  explainable.  At 
the  same  time,  it  is  to  be  remembered  (Sect,  dil)  that  the  optic 
directly  or  indirectly  ia  connectjcd  with  almost  every  j)art  of  the 
C4?rebrum,  and  hence  that  a  chronic  cerobriti>i  might  very  readily  pt^M 
downwards  from  various  localities  inUj  its  tnmk. 


Asfendiwf  Optir  AVwn/w. 

Tht*  chokc-diftc  or  engorged  papilla  form*  ao  f ar  as  the  jwrt  of  the 
nerve  immediately  adjacent  to  the  cribriform  lamella  and  that  within 
it  are  ooneerned,  might  be  readily  enough  tnieeil  t4»  increased  pressure 
of  the  cert'bn*  spinal  liquid.  The  vessels  liec«»me  more  or  less 
strangulated,  with  the  rewult  that  the  eirculation  through  them  i« 
impeded*  A  chronic  congestive  Btate  of  the  nerve  and  of  it«  ejqmnsioQ 
in  the  retina  ia  thus  engendered  with  all  ita  attendant  e\iJ& 


CoJuiUitm  of  the  Retina, 

The  tmy  tint  which  the  disc  naturally  podaejwee  la  incroaaod,  and 

xtM  erlge  becomes  indefinite  and  more  or  leia  fused  with  fsurrotmiUng 
partrt.  The  whole  di»c  may  become  so  swollen  that  the  natund  or 
physiological  cupping  vanishes.  It  may  in  some  caaee  preat^nt  a 
woolly  appeamnce  radiating  into  the  neighbouring  retina.  The  veina 
are  tortitou*  and  engorged  or  varicose,  while  the  arteries  arc  indiatinct 
from  their  <linii niched  volume.  Exudation  in  course  of  time  take* 
pkce  into  the  retina,  so  that  the  veseeU  m  they  turn  over  the  edgie  of 
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the  disc  are  more  or  less  completely  buried  in  the  effusion  and  are 
correspondingly  obscured.  Extravasations  of  blood  may  take  place 
into  the  retina  whereby  portions  of  its  texture  are  permanently 
destroyed. 

One  curious  point  is  that  the  disease  may  have  far  advanced 
without  vision  being  seriously  impaired. 

Lesions  of  the  Corpora  Quadrigemina. 

958.  From  what  has  just  been  said  (p.  687)  it  is  evident,  in  the 
first  place,  that  the  corpora  quadrigemina  have  very  little  to  do 
with  the  sense  of  vision,  and  that  it  is  questionable  even  whether  they 
are  bound  up  with  the  ocular  reflexes  and  with  the  function  of 
associating  the  various  eye  muscles.  Like  the  caudate  nucleus,  they 
appear  to  be  structures  which  in  a  manner  have  become  effete.  The 
anterior  pair  are  probably  the  homologues  of  the  optic  lobes  of  types 
low  in  the  scale.  As  the  brain  increased  in  complexity,  however, 
the  functions  formerly  resident  in  them  seem  to  have  been  transferred 
to  other  parts. 

Disease  localised  within  them  is  rare,  but  a  tumour  has  been 
known  to  be  resident  within  them  for  weeks  or  months  without 
impairing  or  otherwise  affecting  vision,  without  even  interfering  with 
the  combined  action  of  the  ocular  muscles.  The  meagre  evidence 
existing  would  tend  to  the  belief  that  it  is  only  when  such  tumours 
come  to  press  upon  the  centres  on  the  floor  of  the  aqueduct  that 
disorders  of  co-ordination  are  noticed. 


CHAPTER   LXXXIV 
THE  NERVOUS  t^Y^TKM- (Continueii) 

Thk  Skcondahy  Degenerations. 

959.  Definition. — By  the  terra  *' Secondary  Degeneration"  is  meant 
that  (lest ru^'t inn  of  a  iwnr  fibre  vhich  folhnrs  sefMiration  from  its  trophic 
nerve  cell.     It  is  not  (lejwndent  u[X)n  imjiaired  bliKxl-supply. 

Historical —Turck  (No.  12,  vi.  ISni,  p.  288  ;  Ihid.,  xi.  1853,  j..  98  ;  and  Ibid., 
xiv.  IS^.'i,  p.  329)  first  jjavi»  a  systematic  description  of  these  degenerations  as  seen 
in  the  cord,  although  the  ap{M'arances  characteristic  of  tlieni  had  been  noticed  in  the 
brain  by  Cruveilliier  (No.  332,  Liv.  xxxii.  i>.  16)  in  the  year  1832.  About  the  same 
time  that  Tiirck  w.i.s  making  liis  observations  on  tlie  sjunal  cord  in  Man,  Waller 
(No.  137,  iv.  18r»2,  ]».  tiOO^  jmblished  his  exiK.'riments  ujnm  the  «legeneration  as  it 
occurs  in  divided  ]H'ri]»!u'ral  nerves  of  tlie  lower  animals.  The  excitation  of  secondary 
degenerations  e\|»«Tirnentally  witli  the  view  of  tracing  tlie  course  of  nerve  tracts,  «>r 
for  otlicr  j>uri>oscs,  hius  come  to  In*  known  conse<pi»ntly  as  tlie  *' Wallerian  methoii 
of  investigation." 

Secondary  De(;eneration  in  Nerve  Trunks. 

9G0.  When  ;i  peripheral  nerve  is  divided,  or  what  is  bettor,  when 
a  piece  is  excised  so  a.s  to  sever  comph*tely  the  continnity  of  the 
trunk,  the  peripheral  jKirt  degenerate's.  Within  forty -ei^ht  hours  the 
myeline  is  seen  to  be  somewhat  broken  up  into  globules.  This 
becomes  more  evident  by  the  seventh  day,  when  fatty  degeneration  of 
the  myeline  drops  is  superaddtnl.  The  nuclei  of  the  sheath  of 
Schwann  increase  in  size,  and,  it  is  said,  also  in  number. 

Most  likely  pari  jt^issu  with  these  evidences  of  decay  in  the 
enveloijin*;  sheaths  of  the  axis-cylinder,  the  axis -Cylinder  itself 
bt»gins  to  break  up  into  fragments.  By  the  end  of  about  six  weeks 
in  the  frog  and  toad  the  fibre  has  completely  degenerated,  and  is 
transformed  into  a  mere  nucleated  luind. 

Sokoh>w  (No.  i,  i.  1H74,  p.  300)  siiys  that  the  nerve  termina- 
tions in  muscles  also  degenerate  and  in  great  {Mirt  vanish. 
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Trophic  Centres  for  Peripheral  Nerves. ^The  fact  of  the 
whole  nerve  trunk  de^eneratiii^^  }>cyntMl  the  point  of  section,  and  of 
the  proximal  part  remaining  unimpaired,  shows  that  both  motor  and 
sensory  fibres  [lave  their  trophic  ceiitre.s  high  up.  In  the  >spinal  cord 
the  degeneration  takes  place  in  a  direction  according  inth  that  in 
which  impressions  are  transmittetl  With  nerve  trunks,  however,  the 
ease  must  be  different,  because  within  the  distal  seginent  of  the  nerve 
the  sensory  and  other  centrifugat  fibres  degenerate  lis  well  as  the 
motor. 

The  bulk  of  the  centrifugal  fibres  seem  tn  derive  theii-  trophic 
influeuee  from  the  large  multipolar  cells  in  the  anterior  horn  of  gray 
matter  in  the  cord  ;  while  the  centii petal  fibres  also  appear  to  have 
their  trophic  centres  in  the  gray  matter,  probably  in  that  of  the 
posterior  horn.  It  is  questionable  whether  the  ganglion  on  the 
posterior  root  phiys  the  jmrt  of  a  trophic  centre  for  any  of  the 
centripetal  fibres.  The  fact  which  favours  the  view  that  it  does  not 
is  that,  so  far  as  knowu,  descending  degenei'iition  does  not  follow  in 
the  nerve  trunk  when  the  posterior  spinal  root  is  divided  on  the 
proximal  side  of  the  ganglion. 


Thk  Tracts  of  Fibrjcs  found  in  the  NmnrAL  Spinal  Cohix 


'MM,  Begiiiiiiiig  ill  front  tliKre  lit^.s  (see  Fig.  466)  a  honiuw hat  tiiatigiilHr  tiacl  of  filiros 
iniintHiiately  adjacent  to  the  anterior  fiasiirL*,  It  is  known  an  th«  direct  pyramidaJ 
tmct  or  column  of  Turck  (D.RT.).  Oiilsidi'  this  is  a  \MKri  of  tlie  anterior  cokmiii 
wbose  fibrt's  probably  are  commissural  between  dilftirciit  Icvids  of  the  cord.  It  h 
o&mfNi  the  anterior  mixed  zone.  Passing  tli rough  it  are  t.h«  anterior  root«  of  the 
»piii«]  ntrrve^  ;  hence  to  the  particular  re>^ion  from  which  they  liisue  the  t<"rm  anterior 
root  2one  is  Bometimcs  apjdiL'd.  Hoiuiding  it  suy>erficiaily  i»  a  narrow  strip  of 
while  ntiittor  ealle<l  the  antero-lateral  tract  of  Gowers.  This  waa  supposed  foriii«rly 
to  bo  simply  ]iart  of  the  direct  cerebellar  traet,  bat  thifi  view  haA  lately  been  diB- 
|*roved.  Occupying  the  greatest  area  in  the  kteral  tjoknnu,  lying  somewhat 
deeply,  and  ahntting  npon  the  posteiior  horn,  is  a  wed^e-shai>eci  tract  of  great  size 
aud  of  primary  inipjortJtnce— the  crossed  pyramidal  tract— so  called  l>ecani*e  the 
motor  fibres  which  have  decnssatcd  in  the  anterior  inramids  are  concentrated 
irtUltti  it  Occupying  the  circumference  of  the  cord  luick  to  the  posterior  nerve 
root  in  Uiw  direct  cerebellar  tract.  Immediately  behind  this,  and  still  lyinj^  at  the 
circiimference  of  the  conl,  comes  aext  a  eoliiran  of  fibres  known  as  Lissauer*s  tract. 
It  i«  seporatcd  into  two  by  tl:ie  posterior  neive  r<fol, 

TJie  posterior  column  is  divided  by  the  interfnnicular  artery  into  an  innvi-  and 
an  outer  half.  The  in  tier  is  wedge-shaped  and  is  known  as  the  po5tero»kitenial 
column  or  tract  of  GoU ;  the  outer  goes  by  the  name  of  tlie  postero-cxtcmal 
column  or  tract  of  Burdach,  In  the  medulla  oblongata  these  become  respectively 
tin*  fimicttltis  gncili^  and  the  funiculus  cuneatus.  Tlie  former  encloses  a  mass  of 
nvrve  celU  knovm  as  the  clavate  nucleus^  the  latter  a  similar  mass  called  the 
triangular  nucleus. 

X  good  many  of  the  fibres  of  the  posterior  nerve  root  jmus  inwards  at  the 
pD«tfrirtr  and  out'-r  angle  of  the  column  of  Biindach-  This  area  is  tmined,  acconJ* 
\  ia^l*^^^*'-  posterior  root  zone. 
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Lying  in  tlie  bay  constitaUid  by  tbo  junctioti  of  tha  two  hortiA  of  gny  tiuttt*r. 
And  immediately  ndjaccDt  to  the  gc%y  miitter,  is  a  thin  baud  of  white  iab«t«]ie«^  - 
tli9  tatend  boundary  zooe. 

L)Km;KNDiNu  8k«:ondary^  Dk(iexkiutioh8  I'ollowikg  Lehioxs  <ir" 

THE   blUIK, 

Triiphk  CrrUre^/or  tlescmtHuff  Fibrin, 

962.  Tiiix-k  regimled  the  lumd  ^imjlia  h»  the  trophic  centrea  for 
the  fibres  dcHceiiding  from  the  braiii  to  the  cortl      He  found  that. 


.-^y 


A 


/  crx 


\  iAmu  mo.— RvrtMiKsrTifioii  of  Tkactm  cir  niK  ltft«4L  Corp.    (AflRf  Fl0«'Uiil|E.     Ftoin  ii  itri« 
Irat  tlii>  intlkor  by  Dr.  Oulloeh,  atid  nprodiuMft  with  Ptaf.  Pl«clMic't  klii«l  iittrmfaalaiL) 

when  thwMj  wcixj  dcstroyod,  a  descending  d©^ncmtion  fol lowed  nithiD 
the  pymmiilrtl  tmcU  Iwlow,  This  view  \%  not  entcrtjiincd  at  the  present 
day.  We  knfiw  n<iw  thjii  th**  tro[)hic  ecntres  for  the  p^Tuniidal  tmetft 
Art  locttti-nl  in  the  nmU*T  rerfhnil  rtrrffT^  not  in  the  «*rir|>n3  striutinn«  na 
Tiirck  st4>jHi«fML  The  cmise  of  thti  de^eeriding  ilfgiuierntion  in 
destructive  le.tions  (j£  the  Uisiil  g^uiglia  \6  tkit  the  Klire.s  uf  the  innifr 
capsule  coming  from  the  cortex  are  uaualiy  torn  across.  A«  in  the 
cord  m  in  the  bniin,  the  Ahud  f^wirt  degenerates  no  matter  where  the 
continuity  of  the  fibre  is  interruptufl. 
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General  Course  followed  by  the  Degenm'ating  Filnes, 

The  fibres  which  in  Man  degenerate  in  a  direction  downwards  are 
derived  in  great  part  from  the  so-called  motor  area  of  the  cerebral 
cortex.  Immediately  beneath  the  point  of  injury  to  the  cortex,  and 
while  as  yet  within  the  centrum  ovale,  the  degeneration  is  somewhat 
diffuse,  but  when  the  inner  capsule  is  reached  the  degenerated  tract 
becomes  limited  chiefly  to  the  knee  and  antermr  two-thirds  of  the  posterior 
limb  of  the  inner  capsule.  It  is  next  found  in  the  crusta  or  superficial 
hiyer  of  the  cerebral  peduncle.  Then  entering  the  poiw^  its  fibres 
break  up  into  bundles,  to  become  again  concentrated  in  the  anterior 
pyramid  of  the  same  side.  About  three-fourths  of  them  cross  in  the 
pyramids  to  run  down  the  opposite  lateral  column  of  the  cord  in  what  is 
known  as  the  crossed  pyramidal  tract.  The  remainder  ptiss  into  the 
cro.<sed  and  direct  pyramidal  tracts  on  the  same  side  of  the  cmd. 

Bilateral  Degeneration. — Up  to  a  given  time  the  degenerative 
changes  in  the  cord  are  confined  to  the  crossed  pyramidal  tract  of  the 
side  opposite  to  the  cerebral  lesion.  In  due  course,  however,  the 
degeneration  begins  to  show  itself  in  the  crossed  pyramidal  tract  of 
the  same  side.  The  new  tract  is  so  evident  as  to  be  traceable  with 
the  naked  eye  from  the  third  cervical  root  throughout  the  whole 
cervical  enlargement. 

Tliis  bilateral  degeneration  of  tlie  crossed  pyramiilal  tract  as  a  result  of  a 
unilateral  cortical  lesion  has  long  been  recognised.  Charcot  many  years  ago  drew 
attention  to  it  in  cases  of  old-standing  hemiplegia.  Pitres  (No.  4,  iii.  1884,  p.  142) 
rlescribed  numerous  instances  of  it  in  Man.  The  lesions  of  the  brain  which  occasion 
it,  he  says,  may  be  small,  but  always  have  a  bearing  upon  the  motor  area  of  the 
cortex  either  directly  or  through  the  fibres  emanating  from  the  partes  destroyed.  In 
all  cases  the  degenerated  tract  was  single  down  as  far  as  the  pons  and  anterior 
pyramid,  but  was  found  in  both  crossed  pyramidal  tracts  of  the  cord.  In  four  out 
of  ten  cases  the  degeneration  was  more  intense  on  the  side  opjjosite  to  the  cortical 
lesion,  but  in  six  it  was  symmetrical.  In  four  cases  the  direct  peduncular  tract 
(Tiirck's  column)  in  the  anterior  column  was  normal,  and  in  six  it  was  slightly 
altered,  but  there  was  no  constant  relationship  between  this  and  the  degeneration  in 
the  lateral  ti-acts.  In  the  four  cases  where  the  degenei-ation  in  the  lateral  columns 
was  unequal  on  the  two  sides  the  columns  of  Tiirck  were  twice  normal,  once  they 
were  degenerated  on  both  sides  but  unequally,  while  in  the  remaining  instance  the 
column  was  sound  on  one  side  and  degenerated  on  the  other. 

Hadden  and  Sherrington  (No.  521,  y\\\.  188(),  p.  502)  found  this  bilateral 
degeneration  as  the  result  of  an  old  hemorrhage  into  the  inner  capsule. 

Moelli  (No.  517,  xiv.  1883,  p.  173)  produced  it  exi)erimentally  in  dogs  as  a  result 
of  unilateral  excision  of  parts  of  the  cerebral  cortex.  The  opi)osite  pyramid,  he 
emphasises,  was  never  affected.  Muratoff  (No.  51,  1893,  Anat.  Ab.,  p.  97)  confirmed 
these  observations.  Schafer  (No.  179,  iv.  1883,  p.  316)  noticed  it  in  the  monkey  ; 
and  Boyce  (No.  6,  1893,  ii.  p.  688)  in  the  cat. 

Caitse    of    BikUeral    Degeneration. —  This    is    somewhat    obscure. 
Charcot  (No.  524,  p.  252)  supposed  that  it  was  the  result  of  some  of 
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tlu'  pyramidal  fibres  crossing  in  the  nnterior  eotnmisBure,  bul  Uie 
argument  against  this  theor)'  is  thjit  the  anterior  commissure  it  Rlwmyf 
found  to  be  sound. 

Sh<*rriiifcti^ij  (Nu.  179,  x.   1879,  yu  431)  twlkvcs  iluii  i\w  tibrw  of  th« 
pymutiflBl  tnwt  cn«»  tlie  middlo  Uuo  tvriec,  tirstly  in  the  p^Tuiiids  And,  mooqiIIj, 
lowf^r  dowtu     Oil  that  account  he  ealls  it  *'tlie  recrossed  tmct." 

Aci.'ording  to  Pitres  thero  is  evidence  to  ihow  tluit  while  in  hemifilegw  witli 
dewcetiditig  d6g«o«nitioii  the  side  of  the  body  oppoaitd  to  the  ct*rvbral  IdtkMi  b 
(Aml^'scd,  th^  on  the  sAtno  »de  u  dUtinctly  pttretic^  thya  {loititi&g,  be  thiakB,  to 
the  Abovo  tmct  being  cortical  in  ita  origin*  It  is  an  inters  ting  anomaly,  hovvvat, 
if  this  be  BO,  that  it  does  not  dimiuish  steadily  doiniwaFd«i»  bat  id  more  rolimiliiioita 
in  the  lowtT  dorwil  atid  lunilj>ar  regions  than  in  tht*  mid-doraal.  He  aaja  iJtat  fn 
Man  it  U  Ufuallj  ftwt  notif<Mi  between  the  third  and  seventh  ccrvica.!  nerve  roota. 

Curiously,  the  part  of  the  c«>rtex  whence  this  degrneration  nio»t  readily  pfoosadf 
ia,  in  the  caae  of  tb«*  monkey^  at  the  ]ow«r  end  of  the  K4>tandic  (i«aure,  a  nglMi 
wliitli  hat  baea  ahown  by  Semon  and  Horsley  to  elicit  bUateral  (x>ntractioii  of  tlka 
UiTa^Ml  Atiaclia. 

Langley  in  snpplcrmeuting  Sherrington's  explanation  sttpposes  that  the  tract  in 
queation  may  be  accxiunted  for  by  the  motor  cells  in  the  anterior  cornti  on  tht 
dde  opiKwite  to  the  leaion  degenerating*  Prom  tbea«  oeUi,  there  is  reaaoD  lo 
Iwlieve,  tibrcai  ariao  which  croai  in  the  oommisatire,  mad  aome  of  them,  he  allegea,  ptm 
into  tha  crowed  pynunid*!  tract*  The  above  nerve  cella  tn  old  hemipli^giaa  no  doubt 
aometimea  degmierate,  bat  it  is  dlfficnlt  to  get  over  the  fact  that  tha  aniarior 
comnitanimt  remains  unLujored,  Ziehen  (No.  175,  xvili.  18^7,  p.  S02),  whila  dianjriag^ 
that  ihefv  i*  any  dirvH:t  oonnectioo  of  the  cerebral  cortex  with  the  croascd  pymmldal 
tract  of  the  same  aide,  aupports  Langley's  view  that  there  may  be  tlii*  indirarl 
oommanioation  through  the  inteniie<ii«tioii  of  nerve  cellH. 

Theae  tb#ori«a  have  all  been  ili^ipnfveil  by  the  more  recent  oliaervationii  of  HnnMtM 
(No*  ftl,  1993,  Anat.  Ak,  p.  97).  lk>ycc  (No.  tf.  1S90,  iL  p.  <SS»),  and  Mallaa,*  »ad« 
on  the  medulla  oblongata  and  oonl  i^tained  by  Marehi's  method  (So,  68l»  ISS?,  pu 

Trom  thaae  raMarchea  it  ia  placed  beyond  doubt  that  the  tltwea  of  caah  pgnaaaM 
■|ilit  into  two  seta.  One  of  theae,  the  larger  of  the  two,  goc»  to  the  kt^tal  Uact  of 
tha  upftositc  aide,  another  to  the  correaponding  tract  on  the  aante  aide. 


*  Not  jei  pcthtiabed  ;  to  appear  hi  Pree.  Mv^,  <!be.  1991. 

«  Thla  method  ia  aa  follow* : — A  imall  bralu  or  the  oord  Is  hardened  in  )lulle9-*« 
flttid  for  a  week,  or,  it  may  be,  is  planged  into  hot  MuUer  (Matt).  Tn  the  eaae  of  U»a 
haman  braiu,  inject  with  Mailer  •  11  a  Id  aa  described  in  voL  i,  p,  f)6.  Then  cut  Into  »tic«a 
not  thickar  than  0'5  ctm.,  and  place  in  a  mlxtnre  of  2  part*  Hulier't  fluid  and  1  jmrt  of 
a  1  par  oaat  aoluti^n     '  aciiL     Waiih  thoroughly  ami  embed  In  cwltoitlltu     Clarify 

and  mount  in  Okn»  '  Tliii  degenerated  ttlirea  ilain  blade,  and  do  not  htte  thia 

on  being  clarified.  m„..^  r.v,.n.itMLf  iv,h.«  hnx..  m«1v  m  cfnll  giayiih-browa  tinL    The 

mathod  may  ba oomblsei  niiieoda tha  following  adapla* 

Uoo  ^—Uardea  for  a  mon  .  and  theapnt  lata  tba  iMva 

MAirhrii  mixture  of  Htiiler*  iluU  auU  iMuk&  atid  fm  twenty^four  houia.  Stain  oief* 
night  m  th«  followtng  t— 

Hnnatoxjlene  1  grain  (diaaolved  b  a  little  absolute  alcoboiy« 
Aaatk  acid  2  cc. 
BtaUUed  water  100  c.c. 


tliai 
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blaek.  Bleaoh  by  I'alV  method  (see  voL  I.  p.  82),  allowt^  tha 
fbr  ai  much  aa  ten  mtnitt««  In  the  permanganate  of  fiotash  aolatkNit 
tlia  IkleaehlBg  tn  the  oxalk  acid  and  nulphlte  of  poUuMium  mlxtiov. 
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Periods  at  which  tltt  Dnjemration  occurs  in  th  Cord. 

It  should  he  nieritioiieil  that  tlie  degeuenition  in  the  lateral  column 
of  the  Bame  side  dilfera  from  that  in  the  cutitia-liitcral  in  lii'ing 
accom rallied  by  far  less  overgrowth  of  connective  tissue.  In  the  Jourth 
mmtth  the  increase  of  the  connective  tissue  elements  in  the  opposite 
lateral  column  is  very  obvious;  ^ue  blood-vessels  are  abnormally 
abundant  and  the  degenerated  tracts  are  paler  and  more  <iiritinctly 
defined  than  lief  ore.  If  the  cerebral  lesioo  has  been  large  the  pyramid 
of  the  same  side  as  the  lesion  is  recognisably  smaller  than  that  on  the 
opposite. 

When  the  fifth  month  has  been  reached  the  degeneration  of  the 
lateral  column  on  the  same  side  as  the  cerebral  injury  nuis  (in  the 
dog)  throughout  the  cord  from  the  posterior  end  of  the  decussation  of 
the  pyramids  to  the  second  lumbar  nerve  root. 

EUrcn  monOia  after  the  infliction  of  the  cerebral  injury  the 
pyramid  corresponding  to  the  injured  henuRphere  is  still  more  shrunken 
than  before,  and  it  is  with  great  ditticulty  that  any  tlegeneration  in 
the  lateral  column  on  the  same  side  can  be  shown. 

Localisation  uf  partimlar  Fibres  in  the  Descending  Trarl^^ 

In  the  Inner  Capsule* — On  the  accomimnying  scheme  (Fig. 
467)  are  marked  the  various  excitfible  motor  regions  in  the  inner 
capsule  of  the  monkey,  according  to  Beevor  atul  Horsley.  As  will  be 
noticed,  they  occupy  the  knee  and  anterior  two-thirds  of  its  substance. 
It  is  in  these  jnirts  also  that  the  tleacending  secondary  degenerations 
are  found. 

In  the  Substantia  Nigra. —^  The  substantia  nigi-a  does  not 
generally  sutler  from  the  effects  of  cortical  lesions.  In  the  case  recorded 
by  Bechterew  (No.  517,  xix.  1887,  p.  13),  and  previously  referred  to 
(p.  677),  however,  it  was  markedly  degenerated  and  shrunken  as  a 
reimlt  of  cortical  lesion  comliined  witli  destruction  of  jyarts  of  the  Ijasal 
ganglia.  Bechterew  looks  upon  the  injury  to  the  ganglia  as  accounting 
for  it^  holding  as  he  does  the  ganglion  to  be  connected  with  the  corpus 
fitriatum.  Witkowski  has  also  described  implication  of  the  substantia 
ni^ra  in  descending  dejjjenenition. 

In  the  Pedunculus  Cerebri.^ — The  idea  for  long  entertained 
on  the  localisation  of  the  tracts  in  the  pes  pcdunciiH  was  that  fibres 
run  in  the  lateral  segment  (thir<l),  that  segment  kuuwn  a«  Tiiick's 
bundle,  which  subserve  purposes  of  sen&ition.  Flechsig  refuted  this 
view,  seeing  he  made  out  that  the  fibres  of  the  part  of  the  |>es  in 
question  arose  from  the  cell  elements  of  the  })ons.  It  was  also  formerly 
TOiiintainetl  that  the  descending  motor  fibres  are  contained  in  the 
middle  third,  while  the  function  of  those  within  the  inner  third  wiis 
*  '  i  to  be  uncertain.  These  views  have  of  late  nndergono  con* 
- e  modification. 
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middle,  and  outer,  were  involved,  and  there  was  also  undoubted  atrophy  of  the 
substantia  nigra. 

As  regards  other  parts,  the  pons  was  much  flattened  on  this  side,  and  all  its 
longitudinal  fibres  appeared  to  have  degenerated.  Not  only  the  fibres  but  the  nerve 
cells  seem  to  have  suffered,  more  particularly  at  the  upper  and  inner  levels.  The 
transverse  fibres  of  the  pons  had  not  deteriorated,  and  the  middle  cerebellar  ped- 
uncle showed  no  difference  on  either  side. 

Below  this  the  degeneration  was  confined  entirely  to  the  le/t  pyramid,  which  was 
only  half  as  large  as  the  right. 

In  the  spinal  cord  the  degeneration  occupied  the  crossed  pyramidal  tract  of  the 
contra-lateral  column ;  while  there  was  not  a  trace  of  degeneration  in  the  anterior 
columns. 

This,  he  states,  is  the  only  case  on  record  where  the  entire  pes  degenerated  as  a 
result  of  a  cortical  brain  lesion. 

From  careful  study  of  the  effects  of  different  cortical  lesions  Zacher  (No.  517, 
xxiL  1891,  p.  654)  differentiates  the  tracts  in  the  pedunculus  in  the  following 
manner  : — 

Suppose,  to  begin  with,  that  the  peduncle  is  divided  longwise  into  four  nearly 
equal  parts,  then  the  fibres  which  run  in  the  outer  fourth,  he  finds,  come  from  the 
occipitcd  and  temporo-spheTwidal  lobes,  and  reaching  the  upper  levels  of  the  pons, 
terminate  here. 

The  second  outermost  fourth  of  the  peduncle  is  in  great  part  occupied  by  the 
pyramidal  tract,  an  allegation  which  is  supported  by  Flechsig's  observations.  In 
destructive  injuries  of  the  motor  part  of  the  inner  capsule  fibres  must  be 
severed  which  have  nothing  to  do  with  the  pyramidal  tract.  These,  according  to 
Zacher,  end  in  the  pons.  They  also  run  in  the  second  outermost  fourth  of  the 
cms,  and  although,  as  just  said,  not  pyramidal,  are  often  included  under  this 
designation. 

The  fibres  of  the  third  fourth  of  the  pes  measuring  from  the  outer  border  arise 
most  likely  in  chief  part  from  the  corpus  striatum,  and  probably  also  from  the 
ascending  frontal  convolution, 

Flechsig  supposed  that  the  median  {inner)  fourth  received  its  fibres  from  the 
frontal  lobe.  With  this  Zacher  cannot  agree.  He  endeavours  to  prove,  on  the 
contrary,  that  the  fibres  running  in  this  innermost  or  mesial  fourth  of  the  pes  are 
derived  from  the  neighbourhood  of  the  island  of  Rcil  and  base  of  the  lenticular 
nucleus,  and  find  their  peripheral  attachment  in  the  upper  levels  of  the  pons. 

In  the  Cord. — An  interesting  question  comes  to  be  whether 
particular  areas  in  the  descending  tracts  correspond  to  specific  regions 
of  the  cerebral  cortex.  The  general  impression  (Lowenthal,  Sherring- 
ton, and  others)  seems  to  be  that  although  the  absolute  number  of  the 
degenerated  fibres  in  the  case  of  the  crossed  pyramidal  tract  may  vary, 
yet  that  the  extent  of  surface  covered  by  them  is  alike,  whatever  the 
position  of  the  cortical  defect.  There  must  be  an  intermingling  there- 
fore of  the  fibres  of  the  tract  in  their  course  downwards. 

The  degeneration  of  the 'Crossed  pyramidal  tract  after  removal  of  the  "cord 
area  **  *  of  the  cortex  does  not,  according  to  Sherrington,  correspond  exactly  with 
Flechsig's  *' pyramidal  tract"  The  latter,  he  says,  is  greater  in  extent. 
Lowenthal  (No.  169,  xxxi.  1883,  p.  350)  remarks  that  the  secondary  degeneration 

^  See  p.  642. 
VOL.  II  3  A 


THE  XEHVOVS  SYSTEM 


PABt  IV 


of  the  Uterul  culuiiin  folJowing  cross  siH^ticm  of  the  cui-d  in  inucli  larger  thsii  that 
propagated  from  a  brain  iujory,  tbiw  abowing  that  in  ull  probability  a  coiitid«rablr 
Atmiber  of  tbe  crcNiacil  tract  fibres  are  derived  from  the  cord  itaclf> 

Zhheti  iNo,  617,  xviii.  1^87,  p*  300)  baa  bail  tbi<  opportunity  of  exauiiuitiK  tKo 
part!  in  sevnral  dti^a  wher«i  during  lifu  8|i«dfic  }>orttu(t»  of  the   corti^x  bail  b<^^i 

In  a  casp  where  tbe  cortical  (irea  for  the  anterior  limb  on  the  left  side  bad  bncot 
removed  two  and  a  half  niuntba  prvvioiisly  by  Mnnk,  \w  found  that  tbe  dt^grueration 
III  tbti  rord  was  entirely  conlinod  to  tbt^  right  lateral  ctduuitt,  ami  to  that  iiarl  of  it 
lying  closest  to  the  gray  matter.  The  degeneration^  however,  wiui  not  absolute.  Vn- 
dcgenofaied  fibres  were  mixed  up  with  tbe  degeaerated^  and  some  degenerated  ftbrrs 
irvrt  acattiiriHl  through  other  (tarts  of  the  tmct.  High  up  in  (be  cortl  Uie  d#> 
generated  fibra  occupied  tbe  ipaccs  found  normally  within  the  tiMthwork  &t  Ilia 
cide  of  the  gray  iiiaiten  It  ^a^  only  iii  the  mo«t  anterior  of  theae  tpttcca  Ibsl  hm 
could  ilbiroviTr  nomiid  m^rr*!  tibren. 

Abi>vc  the  crouing  of  the  pyramids  the  chief  part  of  iba  fibrea  w«ra  a^gnfftM 
in  the  dorsal  and  lateral  ]Mirl»  of  iIm*  pyraniidii,  and  in  the  pons  th«y  coastrnetid  m 
ir»ct  (|uite  aa  coni|mct  afi  that  >^itliin  the  ('o^^ 

It  has  previoiii^ly  beon  remarked  that  in  the  dog  the  direct  pjr»- 
Diidal  tract  h  probably  absent.  In  Man,  as  tbe  reaiilt  of  a  braiti 
le&ion,  it  degenerates  very  irregularly,  in  some  csaoe  being  inipUcated, 
in  others  no  ilegeneratiou  being  perceptible.  Pitres  (No.  4»  iil  1884» 
p.  142)  oxidaiiiB  these  anomalies  by  the  irregiihinty  in  the  dit^tiibution 
of  the  pyraiuidal  fibres.  Chit  of  forty  eases  of  secondary  degeneration 
of  the  coni  fmrn  nnilat*^rul  brain  lesion^  he  found  the  direct  tract 
dogencratcfl  in  i*ix,  but  the  extent  of  the  tb^generation  Mas  uncertAin 
and  always  slight.  Lti  one  case  only  did  he  Ond  it  in  the  lewder 
(b»rsa1  imt]  lumbal*  regions.  In  three  uasea  there  was  degenenttion  of 
both  diirct  traeta* 

Both  Sberringlon  and  Siugitr  arw  atone  in  denying  the  existence  of  the  (tirrct 
pyrmtDtdal  tract  in  the  cord  of  the  dog,  ajid  then'  ficvm»  uo  rmAun  for  thinking  that 
tha  dcgenirrated  fibres  in  tbe  lateral  tra«!t»  on  the  Bamc  aide  a«  tb<*  brain  le«iati  arc 
in  any  way  rppreaentativrt  in  tlia  dog  of  the  direct  pyramidal  tract  of  Man. 

iSo  far  as  the  facts  admit  of  genenilifiation  it  seems  allowable 
conclude : — 

(1)  That  the  tracts  which  are  cotitaioed  in  the  crusta  are  all 
desoending. 

(2)  That  the  function  of  a  largo  proj>ortion  of  them  is  motor,  but 
that  this  does  not  hold  good  of  the  whole  of  them. 

(3)  That  none  of  them  are  sensor \\ 

(4)  That  the  outer  fourth  conUuns  fibres  from  the  occipito-temf 
region  ;  that  the  fourth  next  t4j  this  canies  the  fibres  of  the 
uncular  tract ;  that  the  fibres  in  the  third  fourth  measuring  from  the 
utiter  border  arise  most  likely  fmrn  the  cauiUte  nucleus  and 
aecemiing  frontal  convolution  ;  and  that  the  origin  of  the  tibres  in  the 
inner  (mesial)  fourth,  although  not  made  out  with  exactitude^  seems  ta 
be  from  the  Ijajsal  ganglia  and  neigbl>ourhood  of  the  iskind  of  lieil. 
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DL^f<fjto'  to  whirh  the  [k^ctmUng  Tracia  eodemL 

The  general  supposition  is  that  the  fibres  of  the  descending  tracts 

not  in  direct  coram unicat ion  with  the  muscles,  but  that  the  nerve 
of  the  anterior  horn  are  interposed.  There  is  difficulty, 
however,  in  making  out  the  actual  connection  between  the  descending 
lateral  tract  and  the  motor  cells  of  the  cord.  The  tract,  one  would 
think,  and  more  especially  is  this  true  of  the  lower  reaches  of  the  cord, 
retreats  as  far  as  jwasible  from  their  neighbourhoocL  Moreover, 
although  the  nerve  cells  of  the  anterior  horn  are  sometimes  found 
degenerated  iri  old  hemiplegics,  the  anterior  ner\'e  roots  never  are,  so 
loiig  as  the  nerve  cells  of  the  anterior  horn  arc  intact. 

4n  Man  the  crossed  pyramidal  tract  is  usually  said  to  eml 
opposite  the  second  lumbar  nerve  root  Tooth  (No,  6,  1881*,  i. 
p.  >*2G)  has  traced  it  as  far  as  the  fourth  lumbar,  and  even  lower, 

Bouchan]  stated  that  the  direct  pyramidal  tract  did  not  extend 
downwards  farther  than  the  mid-dorsal  reg^ion.  Tooth,  however 
(ior.  ciL)^  has  foiuid  its  iiUres  degenerated  at  the  eleventh  dorsal^  and 
even,  in  one  case,  at  the  second  lumbar,  as  the  residt  <if  an  inner 
OLpsnLe  lesion. 


Lgsi&m  oj  the  Brain  which  fjire  rise  h  Lksremiing  Degenemtimu 

Tlie  idtimate  ciwise  of  descending  degeneration  from  a  lesion  of 
the  cerebral  cortex  is  of  coui-se  the  sepiratiou  of  the  fibre  from  its 
trophic  nerve  cell.  The  caiL^es  of  this  sepiration  are  usually  embolic 
or  porencephalous  softening,  haemorrhage  into  the  basal 
ganglia  and  inner  capsule,  tumours  of  the  pons  and  of  the 
spinal  cord,  or,  it  may  l»e,  fracture  and  dislocation  of  one  or 
more  vertebrae.  Schultze  states  that  he  found  the  crossed  pyramidal 
tracts  absent  in  a  case  of  hydrocephalus^  but  suggests  that  they  may 
have  been  congenitally  wanting. 


SiooNBARY  Degenerations  folu>wing  Destructivk  Lesions 
OF  THE  Cord. 

it  bas  now  l>een  ascertained  that  the  part  of  the  fil>re  which  is 
sefHTiftcxl  from  its  nerve  cell  degenerates  simultaneously  throughout 
it«  course.  The  tei-ms  "ascending''  and  *' descending ''  degeneration 
nevertheless  are  in  common  use  when  spealcing  of  the  tracts  of 
degetiemtion  in  the  corti.  They  i-efer,  however^  to  the  centri|M3lal 
or  eeIlt^ifug^il  function  normally  fwssessed  by  the  tracts  rather  than 
to  the  actual  coni-se  followed  by  the  degeneration.  The  part  of  the 
divided  nerve  fibre  which  degenerates  is  in  accordance  with  the  direction 
If]  which  the  fibre  tnuismits  impressions.     Thus  if  the  cord  he  divided 


tJmrn  DoKMit.  ItnaoN  («vi  l>f4Ma.« 


pifmmiflnL  As  may  be  imagined,  the  degucit  iiuuti  within  Atm 
proooods  tc»  iu  full  oxterit  when  the  rrault  of  transverse  section  of  the 
eord,  and  in  addition  to  those,  considerable  degeneration  ib  ogually 
noticed  in  the  antenar  miscgd  gone  (Fig.  466),  Thi0  £oue  is  supposed 
to  consiAt,  in  part  at  Icsast,  of  fibres  which  are  commissura]  between 
different  fiogmeiit«  of  the  conl,  and  which  con^rjueritl}'  degenerate 
when  divided. 

Another  descending  tract  of  degeneraticm  of  lees  constant  occurrence 
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lies  in  the  postero-kteral  column,  and  h  known  as  the  romma-slmped 
trad  from  the  character  of  the  outline  presented  by  it  when  cut  acroaa, 
•  Its  position  in  tbe  postero- lateral  column  is  such  that  It  di\ndes  the 
Cf>lumri  equally,  It  is  moat  often  seen  when  the  cord  is  diviiled  above 
the  fifth  dorsal  root. 

The  shape  of  the  croased  pyramiiUl  tmct  of  degeueratioii  in  Slaii  i»  more  or  less 

trUngiikr*     In  the  dog  and  monkey  it  inclineii  to  the  cirailar.     In  the  cervieal  and 

Upper  hair  of  the  dorsal  regions  it  is  preveutei!  from  corning  to  the  surface  Ijy  the 

f^UArrow  superficial  slip  uf  white  mattpr  known  an  the  direct  cerebellar  tract.     Below 


—     a.lL 
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ntm  i-nt  Coxpbeasiox  and  JkiMOvt  CoMrLnrrs  Sevebasob  is  uppeb  EkiaaAL  RisaioK  (x50 
Duiu,,  rtiflQcect). 

kU )  AjitPTO-tatenU  timet;  (li.cL}  direct  cerebellar  tract;  (tM,)  tract  of  Ooll  (Plcro-earmlne 
•»4  l^mnti'  Solntion). 

Ihii,  however,  it  ajiproaches  more  and  more  towards  the  surface.  It  gets  amaller  in 
**■  ptogmas  downwards^  and  hence  must  give  off  fibrea  progreaaively.  It  is  Isrgeat 
^Pr*»ih'  the  second  tlorsal  ticnre. 


t.G, 


The  A  striding  DegeneraHom. 

964.  The^^e  are  Ijest  studied   when   the   cord  is  divided   experi- 
nieatallr  in  animalH  or  by  accident  in  Man,     A  good  deal  depends 
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Upon  the  i»art  cut  across,  but  if  the  niid-clorsal  region  1h?  tho  seiit  nf  it 
the  following  are  found  to  be  the  tracts  which  suffer:  (1)  the  [ninteriH 
i»xtenial  cohimns ;  (2)  the  poetero-intorual  eolnmna  ;  (3)  the  direct 
cerebellar  tract»  ;  (4)  fret|Uently  the  small  wedge-shaped  tnict  described 
by  Gowers,  and  named  the  *'  antero-lateral  tract" 

It  mii£t  nut  be  supposed  that  the  ascending  tracte  are  all  necessarily 
Benaoiy.  Although  the  course  of  the  tibres  which  ars  b6ftrer8  of 
impreBaions  to  arouse  consciousness  18  not  m  yd  clearly  known,  «till 
it  fteems  t^o  be  generally  jidmitted  that  those  at  least  which  excite  a 
sense  of  pain  piss  tipwardi«i  in  the  trrnif  matfrr  nf  the  n/rtl  on  thr  i/ftfumU 
mde.  The  an tero- Lateral  tract  alx)ve  referred  to  has  beeti  asseried  lO 
be  a  |«ilh  for  painful  im})rc^sion3  (Gowers),  but  not  with  proof 
sulhcieutly  striking  to  bear  out  the  assertion. 


Ill  th«  i'MM*  of  the  ilog  the  foUowing  was  found  hf  Sing^^r  (No,  12,  Uxxiii*  H,  iT 
Ah.  lit*  1891,  yi«  391)  to  be  the  localisation  and  coarse  of  the  ndi-eudiug  tmcu.  Thv 
tm0  "  ieeoDdary  dcgieticratiou "  occupied  two  posttioiuii  namely,  the  posterior 
oolnnmi  bikI  the  direct  cerebellar  tract.  Near  the  point  of  aectiou  the  enttrr 
posterior  colutontt  w«re  the  mmt  of  degenerated  6bf««,  white  the  direct  cerebellar 
tract  had  already  beooine  sharply  deniarcaunl  from  surroundiDg  iian#. 

At  the  dtntatice  of  n  nerve  iater»pace  above  this  the  destruction  of  nerve  fifarea  in 
the  po«tmor  coluimi*  h«^gau  to  be  leas  genemL  la  the  {tortious  of  the  columns  of 
HunUch  adjacent  to  the  |H»fit4'nfir  humn  a  few  noniial  fibrea  now  ina«lo  their 
sp|iiiarancc,  and  in  the  fibres  of  the  jxiftterior  contmis^uref  whidi  heretofcov  w«f» 
dfgi»ner»ted,  healthy  nrrvc  tibre*  were  noticed.  Higher  np^  the  di|peneraUon  of  the 
posterior  columns  began  to  rctr\*At  more  and  more  into  QoU  ■  tnu?ta«  and  ultimately 
Wcame  entirely  confined  to  tht'Ui  («*i*  p.  738).  tt  did  tuil,  however,  occupy  Ibe 
whole  of  these  columns,  hut  niui  ctuillried  to  two  triangular  areas  at  their  laoel 
posterior  and  mesial  ^tarta.  It  wsa  further  traced  upwards  tbrou|;h  the  medolk 
oblongata  to  the  nucleus  of  the  funiculus  gracilis. 

The  other  tract  of  degeneration  (dirwt  cerelnjllar)  lay  (piitc  superficially  in  the 
tati^ral  cidunin.  It  extended  from  the  caput  cornu  po«terioris,  and  ran  alongside  of 
u  for  some  distance  forwards  to  the  nttachment  of  the  lignmentum  denticuktuni 
—that  is  to  say,  to  nearly  mi<tway  in  the  fx?riphery  of  the  an terr>< lateral  column. 
This  tract  commeDces  ticlow,  in  Man,  aUmt  the  level  of  the  ninth  lUimal  nrr\> 
(Kahlerand  Pick,  No.  617,  x.  1880,  p.  im- 

In  the  dog  it  in  by  no  means  sharply  cut  olf.  Normal  fibrsa  were  prosent  within 
it,  and  anteriorly  its  degenerated  fibres  minglerl  diffusely  with  those  of  tlie  anterior 
column.  lu  the  cervical  region  the  tract  livcamc  nton;  rondensed  and  mostly 
limited  to  the  posterior  part  of  the  j>eHphery  of  the  lat«r»l  i^jlunm*  It  can  be  tnead 
op  to  the  oorpora  restlforniia,  but  not  further,  as  the  bundli*^  become  separated  by  the 
fthm  ardfonnea.  ~ 


4 


8o  for  thifl  is  practically  identical  with  what  occurs  in  Han,  but^ 
as  just  remarked,  there  u  also  found  in  many  cases  a  smAlI 
irairt  of  degeneration  known  as  the  *'anten»-lftteral/'  It  lies  at  the 
antericir  extremity  of  the  db-eet  cerebellar  tract,  aitd  is  sonaetiliioft 
reipirtlcMl  m  a  part  of  it.  It  runs  up  to  the  medulla  clUangatl^  bat 
whether  it  ends  here  or  not  is  doubtfiU. 


txxi^ HEUUIJDAEY  DEGENERA 


Trophic  Centres  fur  the  Ascending  Fibres, 

965.  It  seems  to  be  a  eoncliiision  which  is  inevitable  that  those 
fibres  of  the  posterior  columns  which  «legenerate  up  to  the  medulla 
oblongata  have  their  trophii'  centres  in  the  poaterm'  nerrt  (jan{jlmi. 
There  may,  however,  be  others  (commissural)  \**ibhin  these  columns 
which  have  their  trophic  connections  in  the  gnn/  nmfffr  of  the  cor^t 
itself.  ^ 

The  direct  cerebellar  tract,  in  the  dorsal  region  at  lenat,  is 
generally  admitted  to  be  trophically  uinted  with  the  cells  of  Clarke's 
jKJstenor  rmcular  coltmm.  Tooth  (sec  p.  732)  hohls,  however,  to  many 
of  the  fibres  in  the  cer^ical  region  ?>eing  derived  from  the  poateritir 
nerve  roots,  and  hence  we  may  suppose  their  trophic  nerve  cells  to 
reside  in  the  ganglia. 

It  is  difficult  to  say  where  the  antero -lateral  tract  receives  its 
trophic  influence  from.  Two  things  seem  to  bo  pretty  certain,  however, 
namely,  that  its  fibres  arise  lower  down  than  those  of  the  direct  cere- 
bellar tract,  and  that  they  have  not  any  connection  with  the  posterior 
nerve  roots.  The  tract  does  not  degenerate  when  the  posterior  nerv| 
roots  are  divided  (Tooth). 


Dc^tinalkm  of  the  Ascending  Tracts, 

966.  The  direct  cerebellar  tract  mm  into  the  restifomi ' 
and  is  alleged  to  terminate  in  the  cert'hellum. 

Tooth  has  traced  the  an tero- lateral  tract  in  the  monkey  as  far 
as  the  points  of  exit  of  tbe  sixth  and  seventh  cranial  nerves,  but 
nothing  is  known  definitely  of  its  fiu-ther  course.  Presumably  it  ends 
in  the  nucleus  latendig. 

The  tracts  in  the  postero- internal  and  postero- external 
columns  are  generally  said  to  terminate  in  the  funiculi  gracilis  and 
cuneatus.  It  is  questionable,  however,  whether  in  all  eases  this  is 
«trictly  accurate.  There  are  instances  on  record  in  which  the  *iseend- 
ing  secondar}^  degeneration  could  be  traced  from  these  two  funiculi 
upwards  through  the  crossing  of  the  fillet  into  the  regio  subthalamica. 
There  is  good  reason  for  believing  that  this  is  possible,  for  through  the 
rc'scarches  of  Spitzka,  the  experiments  of  v,  Monakow,  ami  the  embryo- 
logiea]  observations  of  Flechsig  and  Edinger,  it  has  l«?cn  pretty  well 
eeiablished  that  the  fillet  is  a  crossed  process  of  the  posterior  columns. 
Fibres  are  appjirently  given  off  from  the  funiculi  gracilis  and  cuueati, 
which  arch  round  as  tibne  arcujita?  interuje,  piss  into  the  formatio 
rcticttlaris,  cross  the  middle  line  in  front  of  the  central  canal,  and  so 
come  to  construct  the  fillet  of  the  opposite  side. 

Lastly,  seeing  that  the  path  for  impressions  which  excite  painful 
seri^iibility  seems  to  traverse  the  opjiosite  half  of  *,'ray  matter,  it  may  be 
Asked  whether  there  is  anything  to  indicate  that  an  ascending  tract  of 
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dcjgencration  is  found  in  it  when  the  continuity  of  the  column  of  gray 
matter  is  intcmiptcd.  Direct  observations  on  this  subject  are  »ainty> 
and  not  always  reliable.  It  may  be  mentioned,  huwevxr,  that  Hosolimo 
(No.  Til 7,  xxi  1890,  p*  897)  has  recorded  a  case  bearing  ujjon  it  Tlic 
case  was  one  in  which  a  glioniatoiLs  tiuuour  mass,  situatecl  entirely 
within  the  posterior  horn  of  gi-ay  matter  and  extending  thmiighuut 
the  upper  dorsal  and  the  entire  cervical  regions,  induced  secondary 
degenemtion  in  the  opposite  int<.' rob  vary  layer  and  lemniscus  (fillet). 


Sinirhmd  AltrraHcn^  of  the  Drgrnnnlrd  Tracts. 

967.  Macrosco[)icidly,  the  degenerated  tracts  at  first  show  mc 
opaipioly  white  than  their  surroundings,  and  when  the  cord  is  hat^etied 
in  a  chrome  salt  they  jfcssume  u  bright  yellow  colour.  In  the  coutm 
of  from  three  to  four  months,  however,  the  tracts  lose  their  opaque 
white  appearance  and  assume  a  gray  gelatinous  aspects 

If  the  degeneration  has  been  experimentally  or  accidentalljr 
evoked,  by  cross  section  of  the  cord  there  is  noticed  for  nl>out  a 
Otntinietre  alcove  and  l>elow  the  point  of  section  what  Schieffenieckfr 
(^o.  i;i,  Ix^'il  1**76,  p.  557)  hiis  named  the  traumatic  degenera- 
tion.^  In  ujost  instances  this  apfiears  to  be  of  intlammatory  <'ngtiij 
and  is  characterised  by  swelling  of  the  axis-cylinden*,  congelation  of 
the  vessek,  and  crowding  of  the  parts  with  a  small-cdl  depciditp 
»Schiefferiiecker  iilleges  that  the  pjsterior  columns  escape  this  degenera- 
tion, and  Singer  (No.  12,  Ixxxiii.  H.  1,  Ab,  IIL  1881,  p,  394)  agreca 
with  hinL 

It  is  in  the  parts  alnjve  and  below  the  areas  of  iraui&alic 
degeneration  that  the  tracts  of  true  secondary  degeneration  are  aeeiL 
Schiefferdockcr  (No.  13,  Ixvii  1876,  p.  570)  was  of  opinicm  that  the 
fibre  tlegencnited  progres^sively  from  the  nerve  cell  outwards,  while 
Bouchard  (No.  107,  18G6,  p.  272)  held  that  the  degeneration  tiiok 
place  giniult4inc«)U8ly  throughout  its  extent.  The  latter  view  is  prolv 
ably  the  ctirrect  one.  Within  the  8»ime  tnict,  however,  some  fibres 
take  longer  to  degenerate  than  others.  In  a  yoiing  groT^nng  animal 
the  degeneration  ap[)arent]y  spreads  quicker  than  in  one  which  haa 
reached  maturity. 

There  ia,  or  rather  was,  a  difference  of  opinion  as  to  what  [»nrt  of 
the  nenre  tube  the  dcgenenition  commenced  in.  It  is  now  mlmitt4>d 
pretty  geoeraUy  that^  as  in  [xsripheral  nerves,  the  mt*dunary  ithcjitli 
and  axis-cylinder  are  afTected  almost  simultaneously,  Honien  (Na 
40,  xc>i.  1883,  ih  1681)  indeed  atatefl  that  in  dogs  the  degeneratioii 
originatea  iu  the  axis -cylinder,  soon  afeeta  the  medulla,  and  laatly 

'  U  !•  Ifliportetit  In  ttadjring  th«M  mooaduj  difp*n«r»t{oTii  in  %pp\f  M  »iEaii*Ciint  • 
tHfcalnM  10  tbiir  tltiddaiioii  li  pociibU.  Moi«  p&rticularl^  i>  il  MMmtial  to  csHnUit 
KDeMAid  M  «»n  ft»  clirified  |ir»pArmtl<mi*  The  ludUod  of  clafifleatioii,  aJlkonfll 
•SlTifiifrljr  OMnil  f<»r  local hiniEc  tbr  position  of  thi?  tnicU,  tioei  iiot  of  ttaclf  afl^fd  m 
9m^UtM  pIctQiv  of  «b«i  ha»  t&kmi  place  mlUin  th«tn. 
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spreads  to  the  neuroglia.  According  to  Tooth  (No.  6,  1889,  L  p. 
754),  swellings  occur  upon  the  axis-cylinder  within  the  first  two  weeks 
something  similar  to  those  seen  in  myelitis ;  and  by  the  end  of  this 
time  the  myeline  has  broken  up.  By  the  end  of  the  fourth  week 
the  remains  of  the  axis-cylinders  have  vanished  and  the  fibres  of  the 
tract  appear  universally  degenerated. 

While  this  is  going  on  (twenty- nine  days,  Homen)  numerous 
compound  ^anular  corimscUs  show  themselves  in  the  degenerated 
areas,  so  numerous  that,  as  Bastian  (No.  34,  1867)  long  ago  pointed 
out,  they  form  an  excellent  guide  to  the  position  of  the  affected  tracts. 
They  are  also  met  with  in  other  brain  degenerations  such  as  the 
softening  resulting  from  embolism,  tiunours,  etc.  Virchow  (No.  13, 
X.  1856,  p.  407)  held  the  \'iew  that  the  glia  cells  were  their  chief 
source.  In  secondary  degeneration,  however,  this  cannot  be  so, 
because  the  neuroglia  does  not  perish  but,  on  the  contrary,  pro- 
liferates. A  much  more  likely  origin  is  from  the  swollen  axis- 
cylinders  and  the  remains  of  the  myeline  surrounding  them,  a 
supposition  which  is  borne  out  by  the  fact  that  the  granular  bodies 
in  question  are  found  occupying  the  site  of  the  axis-cylinders. 

In  about  three  weeks  after  the  severance  of  the  fibre  from  its 
trophic  cells  the  glia  shmcs  evidence  of  proliferation.  Its  cells  become 
much  more  numerous,  especially  along  the  adventitia  of  the  vessels. 
They  are  mostly  unbranched,  and  may  in  part  be  derived  from  the 
pre-existing  glia,  in  part  may  be  blood-leucocytes.  Charcot  took  the 
Wew  (No.  524,  p.  160)  that  the  interchange  in  the  glia  was  alike 
with  that  of  locomotor  ataxia  and  of  multiple  sclerosis.  Bouchard 
and  others  (No.  107,  1866,  p.  272)  recognise  in  the  sclerosis  of 
locomotor  ataxia  a  primary  affection  which  progressively  invades  the 
nerve  tubes  and  causes  destruction  of  them.  Their  medullary  sheath 
becomes  denuded  and  leaves  the  cylinder-axis  bare.  In  secondary 
degeneration,  on  the  other  hand,  as  already  described,  the  cylinder- 
axis  is  always  destroyed  and  never  exposed. 

True  corpora  amylacea  are  much  rarer  in  secondary  degeneration 
than  in  the  sclerosis  of  locomotor  ataxia.  If  colloid  bodies  are  found, 
they  are  as  a  rule  derivatives  of  the  axis-cylinders. 

LiDgley  and  Sherrington  have  noticed  what  is  probably  an  inflammatory 
*ffiwtion — what  they  call  a  chronic  myelitis  without  the  sclerosis — late  in  the 
'feneration.     Langley  proposes  to  call  it  "  tertiary  degeneration." 

Progressive  Alteration  of  Parts.  —  The  shortest  period 
observed  by  Singer  (No.  12,  Ixxxiii.  H.  1,  Ab.  III.  1881,  p  402)  in 
^Mch  a  tract  degenerated  completely  in  the  adult  dog  was  twelve 
"^ys.  By  this  time  the  degeneration  had  reached  the  medulla 
oblongata.  He  states,  however,  that  the  degeneration  is  most  evident 
by  the  fifth  week.  In  the  young  dog,  on  the  other  hand,  he  has 
^o>mid  the  ascending  tracts  completely  degenerated  by  the  end  of  one 
^*ek,  and  well-marked  signs  of  shrinking  had  shown  themselves  by 
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tht^  fourth  to  the  fifth  week.  Honuii  (No.  534)  8tAt«s  that  on 
microtieopic  examination  he  wn»  able  to  detect  commencing  degenorm* 
tion  ill  the  jjosterior  columns  of  the  cord  three  days  after  bemisoctioti. 
The  degeneration  lx*gins  in  some  tnicts  cjirlier  than  in  othcra. 
Thus  in  Honu-n's  homLsection  ex{ieriment«,  although  the  ilegenemiion 
could  Iks  detected  microdcopicAlly  in  the  posterior  columnii  after  five 
tlftji,  it  could  not  be  recognised  distinctly  in  the  lateral  columoa ; 
while  it  took  seven  days  to  show  itself  in  the  direct  cereboUar  tract, 
Volkniann  (No.  140,  xlii,  1888,  p.  450)  rejx>rt«  that,  after  comprcMioii 
of  the  cord  for  three  weekh  by  a  gliomatous  tiimoiir,  th«»  ilegenenition 
was  far  more  distinct  in  GolTs  tract  than  in  any  other.  Honnin  (No. 
13,  Ixxxviii.  1882,  p.  61)  found  degenemtion  i>f  the  human  conl 
evident  three  weeks  after  a  lirain  lesion. 

ShcTrlagtmi(K'o.  179*  ri.  |u  179)rouuil  th»t  Aft«r  d«i9tmctiou  of  purtiotti  of  what 
hf  ca\U  the  '*c«rd  arr***  of  the  t-crebnun  of  ilog*,  or  that  |Mirt  of  the  cortex  wKo«0 
rvmoviil  i»  ttttetided  by  dtscetiiiing  drgeticmtioti  iu  tli<*  spinal  t^ord,  tbe  uppfarmaini 
»irf*i  ftJi  folbmx  I — 

At  tbe  cud  of  the  flnt  tf£iiy  ktmn  nothing  of  p*rticuUr  note  ii  obiemble,  lint 
by  tbr  fiintb  rUy  mmw  uf  tbv  ksis-cy lindens  in  tlic  croKed  pyrmmidal  tract  of  Uw 
conl  Atniii  Iran  d<H*ply  with  i^armitH%  and  arr  mtluT  coarselj  gmiiilar  init#ia«i  of 
liciti^  bomogeii«oii9  us  in  bp«ltb. 

By  tbr  third  wtek  tbe  fmxt*  nm  iti  niucb  the  iame  stAte,  oaly  thf  altered 
fibfm  aiti  nioFM  nunirrotui.     Tbe  cuntift'tive  ti^tue  fintuework  in  which  the  flbrra 
urt  aeirni*  ftlao  to  W*  Miniet^'liat  diMitrraiigx'tl. 

Aft^r  iieiirly  l^^v  mantM*  tbf  diMirmngi'Uient  of  the  eoitnotitive  timat  In 
Appinat.     8otnc  iierrc  fibira  have  diNSpiivanHl,  «nd  the  cella  in  the  miirogUa 
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068.  The  couTBe  and  connections  of  the  tlbre«  coin])08ing  tbe 
pcMterior  nerve  root  are  matters  dif]i<'ult  to  deterniine*  Of  late* 
bowever,  by  means  of  improved  mcthcxls  of  sttiining  nerve  Hhrea,  a 
more  prccijte  notion  of  where  they  go  to  on  entering  the  s|jinal 
medulU  haa  been  obtained.  ll  is  now  generally  admitted  that 
Lieaner's  aaeertioti  (So.  517,  xvii.  18^6,  |n  377)  aa  to  there  being 
two  kinds  of  fibres,  large  and   ht  nrioct     The  small  lie  to  the 

miter  Hide  and  beconjc  mcdulhii.  rj inn  the  large.     For  whereM 

the  large  begin  to  ahow  medullation  in  human  embryos  from  28  to  33 
ctm.  long  the  commencement  of  the  nicdultation  of  the  small  isdehiyed 
until  the  fa^tus  is  45  ctm*  in  length  <Leiihoiis**k,  Xa  H,  xxxiv.  1889, 
p.  164), 

l^tiboMR'k  oivi  I       r.K»Mnrrithrrrr,itr^„ri.  ^of  (il^n-N,  a  mesial,  midd 

UkA  laleraL     Tb.  out^ltltn  tb*?  3iU»v   tliK   tilirfs  ufrrrnl  tu  by  l.t»Miirr. 
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Hi  olements  anauge  themselves  firnt  in  a  lon^tudiual  bundle,  which  occupies  ft 

pMltioii  between  the  g(^latinous  substance  of  KDhLtido  and  the  perijrhcry,  Jiiid  after  a 

^e  peuetrates  into  the  posterior  horn  of  gray  matt»*r.     The  fibres  of  the  nnddle 

group  p<?Detrate  through  the  giiktmous  aubatance  of  Rolando,  and  entering  the  ijray 

XttiT  of  the  posterior  horn,  Bssumo  a  vertical  direition.     Those  of  the  meaial  group 

lit  into  two  minor  buodles,  oue  of  them  entering  Burdach's  c^lumo,  the  other 

Qg  through  the  gelatinous  substance  and  making  its  way  into  the  gray  i>oaterior 

horn,  »ntl  thence  in  a  horiioDtal  direction  passing  fonvartla  to  the  anterior  horn. 

The  connection  of  tho  posteriur  root  with  the  anterior  liorn  he  holds  to  l>f*  a  fact 

tliOTODghly  established,  a  connection,   it  will  be  borne  in  mind,  which  was  first 

I         de9cril>ed  by  Lockhart  Clarke. 

1  Further  Course  in  the  Cord.— Of  the  three  groujja  of  librea  the  mesial  is  always 

^^Lthe  lai^eatt  and  cotiJititutL's  the  main  part  of  the  posterior  root.  In  Man  the  middle 
^^Pgronp  U  Qsuatly  smalL  He  holds  that  the  entire  column  of  Burdach  is  composed  of 
I  ftbrcA  derived  from  the  posterior  roots^  ami  he  siilwliviiles  it  into  three  zotiea,  a  large 
I  utiddle,  an  autcrior,  and  a  posterior.     The  middle  coire^sponds  to  what  is  nsiudly 

I  designated  the  "  posterior  root  zoni\"  the  others  lie  anterior  and  |K>Mterior  to  this, 

loto  the  middle^  those  fibres  of  the  posterior  root  ultimately  divulgt%  which 
immediately  ou  entering  the  cord  penetrate  the  posterior  horn  of  gray  maiter— that 
i*  t>  say,  the  middle  group.  In  tlie  anterior  and  posterior  zones  stretch  libres 
vhieb  run  through  a  conBidenilile  distance  in  a  loiigititdiual  direction. 

In  tlie  lumbar  region  the  bulk  of  the  tihrea  of  the  medial  group  of  nerve  roota 
pvnetratea  the  gray  horn  and  ]Niitei  forwftrda  to  become  conneetr?<l  with  the  cells  in 
li*  anterior  horn,  while  in  the  dorsal  part  of  the  cord,  in  the  portion  conesponding 
*itli  Clarke's  vesicular  colniuns,  the  connection  with  the  anterior  born  became* 
l«xt  evident^  and  they  almost  all  terminate  in  the  cells  of  the  above  columns. 

There  i«  this^  however,  to  he  borne  in  mind,  timt  a  diicet  connection  of  these 
fibres  with  the  cells  of  Clarke's  columns  is  never  met  with,  but  that,  st)  far  as  can 
bf  made  out,  the  fibrea  simply  enter  the  plexus  surrounding  the  group  of  ceUs^ 

It  is  often  said  that  the  |wsttrior  i-oot  takes  [>art  in  the  formation  of  the 
Milerior  commissure,  Ijenhossik  has  never  been  able  to  jtersuadc  himself  of  this. 
The  appoaninces  are  deceptive,  Init  carefyl  investigation  proves,  he  says,  that  the 
*nterior  commissure  has  no  sucli  connection  with  the  posterior  nerve  root. 

In  op|»osition  to  the  views  of  Bechterew  and  OberfJteiiier,  however,  be  recognises 
lliftt  the  |iNt»aterior  commissure  receives  a  contingent  of  the  iibres  of  the  posterior 
norvetfiot,  and  chiefly  from  the  middle  group  of  it-a  fibres. 

The   middle  group   of  fibrcn  Iwcome^s  medulktcd   in   the  human  fietua  of  3^ 
'tni.,  and  it  is  at  this  point  in  development  that  their  cour^ie  can  alone  l>e  stTidied, 
The  cfjril  of  the  adult  or  even  of  the  full-time  tVctus  is  nnsuited    ftir   the  pnqM>se, 
ifter  entering   the   gelatinous  wuhstance  of  Rolando  they   pursue  a  longitudinal 
j  ontme  and  constitute  what  is  known  as  ^'KoUiker's  longitudinal  bundle  of  the 

pMt»*rior  horn."  The  fibre,**  within  this*  bundle  mti  upwards  and  downwards^  and 
I  from  thitm  branches  are  emitted  which  run  into  the  |M3Sterior  horn  of  giay  matter. 
^^Bfiome  ^ias«  forward  to  the  anterior  horn  and  lose  thent^elves  bere,  it  may  be, 
^^B Although  this  is  doubtful,  by  joining  the  nerve  cellf*  in  this  neigh l>ourhood,  A 
^^■iirgf  prriiN^rtiori  of  theae  branches^  however,  pass  into  the  |)Osterior  commissure,  and 
^^nkerfhj  gain  the  opposite  side  of  the  coiiL  What  their  exact  destiny  is  seems 
W  ttgSMA  The  posterior  commissuri:',  he  hold.4,  is  not  entirely  made  up  af  these, 
f      Wl  eiuittllns  also  8*>me  libres>  which  are  commissural  between  the  two  posterior 

I  The  termination  of  the  third  or  lateral  gioup,  the  fibres  of  fine  calibre,  is  not 

I       w*Jl  •lefined. 
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Lissauer's  Border  Zone* — Ijetween  the  extrome  margui  of  the 
gelfttiriDns  substance  of  the  |x>stenor  hom  and  the  periphery  of  thi? 
oord  there  lies  a  tract  of  nerve  fibres  more  esi>ociallv  fleacrilied  bv 
Usaauer  (No,  517,  xriL  1886,  p.  380),  and  name<l  by  him  the  "  Vioi^er 
zone  "  of  the  posterior  horn.  The  bulk  of  \U  fibres  run  longitudinally, 
and  it  is  easily  recognised  from  the  finenesisi  of  the  fibres  com|Ki<8ing  it* 
U  is  split  into  a  mesial  ^4nd  a  lateral  segment  by  the  entranee  of 
the  |Kistarior  nerve  root,  whose  fibres  pass  in  at  right  angles  to  the 
columns  of  fibres  of  which  the  *' bonier  zone"  is  composeil  The 
illip4irt(tnce  of  this  area  of  white  matter  is  that,  according  to  Lisstiuer, 
it*  nerve  fibres  are  (lerive<l  frnm  the  pn*5terior  nerve  root.  After 
Iciivitig  the  roc»t  they  ascend  iti  this  tract  and  enter  the  so-called 
"  BlM^"g}'  zone  "  cif  the  substantia  gelatinosii  Holatido. 


r/w?  Tmrts  of  I/ftjriitm^utn, 

969.  Singer  (No.  12,  Ixxxiii.  H.  I,  Ah.  III.  1881,  p,  405)  juid 
Tooth  (No.  G,  18811,  i,  p,  829)  have  made  a  study  of  these  in  dogR 
and  monkeys.     The  spinal   canal  was   opened   for   varying  distances 

and  the  postcrifir  nx^U  corresp<jncling  to  the  situation  were  cut  arrosa 
on  the  proximal  side  of  the  ganglion.     The  wound  was  stit-chetl 
and  allowoil  to  heal 

8iiiK*^r'«  pjciwrimrats  worr  niadc^  on  young  dogs,  unci  tlip  tim«  at  wliich 
itiiiiimlji  WIT  killed  aucI  tht*  ^wirts  cxmnintHj  vAnvd  from  tlic^  end  of  the  thiid  to  tW 
mi  lid  If  of  tin*  fourth  nwk, 

Fmir  ww»kH  AFl^'r  rjniniiig  th*^  i»o«t<»riof  roots  (if  ilif  fiini  liiid  iM^aid  went  nnrm^ 
tf^(^*iUt?r  with  tiinno  of  the  stixth  Aiid  seventh  lumhar  nen-fA  on  thf  left  ftjd««  to  a 
jroiirif^  dii^t  htt  found  thjit  ncMir  the  |>oiijt  of  pxcijion  the  seoondiu^'  d«geuer«tion  wia 
litnitnd  III  th^  rtltAfjtest  nmnnrr  to  thv  h^ft  (loMmar  coIuniiK  Up  to  thr  mlraaon 
lif  the  lixth  hmib»r  nervi*  *vi»iy  MeL-tion  showed  toUl  dei^'heratiou  of  thin  coiuoin, 
tint  at  the  \r\'A  of  t<ntt«uc4?  of  the  tiftb  lumber  nerve  the  degenemtion  Im^^bh  to 
rvtnsat  «  litti*'  fmni  the  jiart  of  the  cohimn  vljacent  to  the  |io«tenrir  hom  of  gtm^ 
■ttlMtanre,  sn  npfR'nmnee  which  ttecAitie  more  evidnit  &t  the  [loint  nf  enttuncc  of 
thf  fourth.  Whoa  the  twelfth  th>r»jtl  mrve  wan  re«ch4.H|  thu  ilei^nermtion  hi4 
l«n  hiirrlju^h'tt  fxituiun  •utin^y  Aiid  war  liniite^l  idmost  oompletely  to  UiaC  «»r  Ooll, 
ItuL'h  i^ontinued  to  \»  vt^ry  rnin^h  the  dU|»Q«ition  of  jwrtB  throaghout  the  rwinainiiti; 
doTMil  ttud  vuUrv  oitrvinal  reitioUK  He  eotdd  tmoe  the  degenemtcil  tTAA^t  finAlly  up 
in  thi*  ijiii^h'un  of  the  fuuioulus  g^Hci]il^  a  r««u]t  which  hia  lia«  ixaifimiwl  in  thtve 
Dth^r  vmm. 

Throu>(h  the«r  oWrvntJonn  h«»  hotdfl  to  having  estahlbhed  a  dlxtct  conafction 
lif»Nv«Tn  the  |M«teHor  nirrvc  rootji  and  the  niedullA  oMongnta, 

Tooth  hnff  «hown,  however,  that,  whf'n  the  diviih^t  nerve  roati  ire  high  up  in  th* 
ootil  (ilith,  seventh,  eighth  et^rvical  miil  Wnt  doi^l),  in  iddiHoa  ta  tht  d<|enMm- 
llim  of  the  jHwiterior  c?olunun«,  •  utrand  of  degeiiemtion  apiiearB  b  the  direct 
DurnhetUt  traet.  It  He*  c\m^  iijii^n  the  posterior  honi  of  gray  matter.  Below  thb 
level  the  dir^H^t  rerehelhir  timet  »p|mrpntly  i»  unairi>)et«d,  and  lietie**  he  arguea  that 
the  dh»vt  lereUlUr  triwt  l»  compcvieil  of  at  leiuit  two  «eUi  of  filux's,  Tli*  fS^tfm  in 
(h«  h»w»»r  of  iUvm*  mr  very  line,  while  thowe  in  the  npi»er  arc  coarw.    Hjh  .u» 

wmdd  leiid   him  to  t^om  Inde   that,  while  the   Uttei^  ait^   in  all   proba^  ,  ,^4 
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from  CUrke*a  coliimiis,  the  former  ure  direct  prolniigiitionii  <jf  the  poatOTor  nerve 
f00t8.     He  alio  holds  that  thfso  fiue  lihifs  are  vwceral  io  their  dic?trilmtion. 

The  <?xplaDation  of  why  it  is  that  the  ttmrta  of  dtf^eiifratioii  retreiit  from  the 
posturo-external  into  the  pOAtero-iiiUniAl  ooluniii  is  to  b«  found  in  the  fact  that  the 
fibres  eatenng  the  former  occupy  at  tirst  a  position  close  )>y  the  gray  matter,  but, 
in  Moendin^,  they  are  supplrtiit<;Ml  and  pushed  mesially  liy  similar  hlnes  from  the 
SQpeiJAceut  nerve  root*.  In  thuir  course  upwanb  they  are  Htill  further  displaced 
and  finally  ent^r  the  postero-iutemal  (GoU'h)  coIujiui.  The  Gull's  uoliimii,  as  Singer 
b&a  pointed  out,  is  apparently  made  up  of  th©  po.sterior  ner\'e  roots  from  the  sacral, 
InmliAr,  And,  it  may  he,  the  lower  dorsal  regions,  Tlie  tiljres  of  the  poMti^ior  roots 
of  the  upper  [Hirt  of  the  coi-d  seem  to  mn  into  Burdach'n  euUminH  alune.  The  GoU'a 
tract  thus  <^ontaiiiH  the  lihrea  from  the  lower  jwrt  of  tlu'  body,  iturdiich's  those 
from  the  upjier  part,  and  the  position  octtipietl  by  the  different  layers  of  (Ibrea  as 
they  enter  theiso  columns  in  general  terms  is  that  those  which  lome  from  the  lowest 
reiponM  are  nearest  the  middle  bne,  while  those  coming  from  legiuns  biglier  up  are 
arranged  soecseasively  in  hiyers  in  a  direction  outwards. 

When  the  coiti  has  been  divided  low  down  the  degenerated  area  in  OolFs  tract 
within  the  cervical  re^on  is  very  small,  and  not  only  lies  close  against  the  jwsterior 
fiBSure  bnt  is  confined  to  a  triangular  area  near  tlie  cirennifcrencc.  This  segment  of 
the  Ooll's  tract  in  all  likelihood  h  Unnl^ar,  ami  a  large  proportion  of  its  libres  are 
prolonged  directly  upwarfis  to  the  medolla  oblongata, 

Thb  and  other  centn2JCtAl  trarts,  however,  <lo  not  neem  t<>  be  constituted  exclu- 
sirely  of  fiV»rcs  which  tiMcend  to  tlie  medulla  oblongata.  Many  of  them  appear  to 
be  coomiis»uml  for  dilfcrent  segments  of  the  cord. 

Litrr\%tvTf  on  Secmtfinri/  Dt'ijtnendions. — Arloing  (Trophic  Centres):  Compt, 
rend.  Hoc.  de  BioL,  iii.  1886,  p.  553.  Bastlan :  Me^l  Chin  Tmns.,  1867. 
Bediterew  (Sec.  Degen.  of  Cerebral  Pedimck) :  Areli.  f.  P.syehiat.»  xix.  18S7,  p*  1, 
Bouchau-d:  Arch.  g^-n.  de  Mni,  vii.  186ti,  pp.  272,  441,  m\  ;  viii.  1806.  p.  273. 
Brink  (S.  Fa  and  Cerebral  Functions):  Deut.  Arch.  f.  klin.  Med.,  xxxviii.  1885-86, 
p.  2S5.  Brissaud  (of  Cerebral  redunclc) :  Progres  mHJ.,  vii.  1879,  i>y.  777,  790. 
Charcot :  L«H;ons  sur  b's  Irtcalisations  dans  les  maladies  du  cerveau  et  (Ic  la  moelle, 
Vx,  ii.  1^70-80  i  oho  (Peiluncle,  IVnm,  etc.),  Progres  miVI,  vii.  1879,  pp.  597,  7fi7,  801, 
Cossjand  Dejerine:  Ar»-h.  de  physioL  norm,  et  jiath.,  ii.  1875,  p.  567.  France 
(Ser,  Digcnerations  fallowing  Lesions  of  Gjt.  Marginalis  and  (lyr.  Fornitatus  in 
llonkeysH):  Phil  Trans.,  cIxxa.  1890,  B,  p.  331.  Francois- Franck  and  Pitres(S€a 
Deg,  Conse^'utive  to  Destruction  of  Sigmoid  G^'iiis  in  Dog) :  Cum]>t.  r«'mL  soc.  de 
biol,  ii  1881,  p.  67.  Friedmaiin  (Degeneration  PifK'esaF.H  in  Pb'miHjtheiieal 
Medulla) :  Keurol.  Centralld.,  d.  1887,  p.  97.  Hadden  and  Sherrington 
(Bilateral  S.  D.  of  Cord  from  Unilateral  Lenion  of  Cortex) ;  Brain,  viii.  ISSH,  p.  502. 
Mom^:  Arch.  f.  jiath.  Anat,,  Ixxxviii.  1882,  p.  61  ;  aZso,  Cnnipter*  rtntltis,  xc\d. 
18S3,  \h  1681  ;  al^,  Fort*chr.  li.  Met!.,  iii,  1885,  p,  267.  Hubl^  (Cortical  Motor 
Centww  and  Sec  D^.):  Arch,  de  NcuroL,  xi.  18S6,  p.  29.  Jclgersma  (Bilatenil 
Soc  Deg.  of  Outer  Bundle  of  Pes  Pediuiculi,  with  Atrophy  of  Doi^  Half  of  Pons  and 
of  Large  Olive):  CentralbL  f.  Nenreidieilk.,  ix.  1386,  p.  489.  Jones  (Wallerian 
Methocl,  Historical) :  Lancett  1885,  ii.  p.  944.  Langley  (He  view):  Brain,  ix. 
1S86<87«  P.  92.  Ldwenthal  (Difference  in  8.  D.  after  Brain  and  Cord  Lesion) : 
Arcli.  f-  «h  ges.  Phy*^ioI.,  .\xxi.  1883,  p.  350;  also,  Des  degenerations  secondairoa, 
••tc,  1885.  Meyer  (hi  iHthmus) :  Oaz.  med.  tie  Straak,  xiv.  1885,  p.  109.  ▼. 
Monakow^  (Cerebml  Sec.  Deg.) :  (^or. -BL  f.  schweiz.  Aerzte,  xvi.  1S86,  p.  390. 
Mott  (.Ascending  Degenerations  in  Spinal  Coitj  of  Monkeys) :  Brain,  xv.  1892,  p» 
215.  Pitrcs:  liull.  Soi:.  Anat.  de  Par.,  hi.  1881,  p.  628  f  aim,  Areh.  de  phy.Hiol. 
norm,  et  path.,  iii.  1884,  p.  142  ;  aim,  Kncephale,  v.  1885,  p.  79,  Schiciferdecker : 
Arch.  f.  jmtb.  Anat.,  Uvii.  1876,  p.  542.  Sherrington:  Journ.  PbvsioL,  vi. 
1^85  86,  p»  177;  nlm  (Bilateral  Degen.  of  I^yr.  Tract.^  front  Unilateral  Cortical 
Lesion  ^  lint  Mwl,  .Tnum.,  1890,  i.  p.  14  ;  ahit  (from  (Jortieal  L^sinnK),  Journ.  of 
rUysiology,  x.  1889,  p.  429;  uIhu,  xi.  1890,  p.  399.  Singer:  Sit/iniK^I'.  d.  k.  k. 
Akjid.,  Wien,  Ixxxiii.  H.  L  Ab.  111.  1881,  p.  390.      Sokolow  (D-gen.  of  X.  Ter- 
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minations) :  Art^U,  'h  j>hvj»ioK  iiomi.  i*t  |nitli.»  i.  1874*  p.  300.  Spttzkm  (8*pc. 
ppg.  I'yr.  Tmet):  N,  V/Me*J.  Jouni.,  xfiii.  18»6.  p.  501.  Toath  iiulntcmiftft 
Iiwturc's):  Brit.  Med.  Joum.»  1889,  J.  p.  753  ct  atq.  TuTck ;  Sitrnn-^^  ^I.  k,  k, 
Akn<l,  Willi,   vi.   1851.   p.  288;   Jbifl,  xl   1853,  |i.  1*3;   /frit/,,  xtv  •.^. 

Volkmaim  (Glioiiiata  ami  Sei-.  l^«.)i    Dnit.  Arch,  f  kliu,  Med.,  sli  ^ 

483.      Wmllcr  (Nrw   Method  for  Study  of  Nvrv.  SysL ) ;    L«md.  .1.^  if. 

1862,  p.  609.     Walter  :  An.li.  f.  iwth.  Aimt.,  xx,  1801,  K  42fl,     Ziehcr  -a. 

sfUr  Extirpfttioii  »if  C^TticHl  Motor  C<*iili^'«) :  Aivli.  t  KyoliimL^  xviii-  » --<.  j*.  a*)0. 


TiiK  Involitkin*  fullowixg  Removal  of  p£RirHEitAL  Pajitk 

970.  It  has  alrofidy  (p.  714)  been  rioti'd  that  whoii  a  sptrml  rrtTVu 
is  ili^iderl  it  ia  the  ptjriphenil  segment  which  Huirt?r>*  onliiiar)'  setoniiar)* 
degenemtioiL  The  proximal  end  remains  for  the  time  Wing  intact. 
In  cnnrw?  of  ycjit^  however,  if  the  curitinuity  of  the  nerve  is  not 
efttftl>lishe«l»  a  shrinking  occurs  in  the  proxinwd  part.  The  gray  matter 
with  which  the  divided  fibres  were  conrietrteil  also  nndergm?*  a  th*genem- 
tivo  chango  or  procesi^  of  involutiiin,  ]iresumnldy  conneete*!  with  the 
cli»uiM»  of  the  Twvve  i-iAU  and  portions  of  the  nerve  til  ire  still  remmning. 

After  Amputation* — Some  of  the  best  examples  of  this  condition 
tire  to  be  found  after  amputation  of  a  limb.  As  a  general  statement 
it  may  be  said  that  year^  aft^r  an  amputation  has  \ieen  {lerformed  tJie 
nerve  tnink*  in  connection  with  the  stump  undergo  some  amount  of 
shrinking.  Iktth  nerve  roots,  but  esjieriiilly  the  iwisteriori  lose  certain 
of  their  Hbreis.  The  part  of  the  jM>t*terior  rofunin  corresponding  with 
the  site  of  amputation  is  diminisheti  in  bulk,  and  the  nenre  cells  Ixitb 
in  the  anterior  luid  |>osterior  homs  of  gray  matter  are  fiartiAUy 
destroyed.  The  jxietenor  hum  of  gray  matter  also  preaents  a  tome- 
what  shrunken  us|m*cI. 

After  Evulsion  of  Nerves* — In  the  same  category  are  to  be 
reckoned  thoee  involutions  of  central  fiarts  of  the  bniin  following  u;ioii 
eviUsioM  of  the  cranial  nerves  and  excision  of  cert^iin  parts  of  the 
oortex.  A«  v.  Oudden  (No.  518,  xxv-  1879,  H.  1,  p.  I)  ha*  shoirn^ 
when  particular  nerves  such  as  the  sciatic  or  facial  are  torn  out  cloee 
up  to  their  funnta  of  issue  from  the  respective  ciivities  which  emit  thent* 
not  otdy  d«i  any  peripheral  remidns  of  the  nerve  degeneratt*,  but  the 
IKirtion  of  the*  nerve  jNith  still  within  the  corti  or  brain,  ti>gether  witli 
the  j^nglion  cells  forming  the  ruicloi  of  origin,  also  disappears.  It  ts 
f)U6AtionabIe  whether  in  any  of  the^e  ca«es  the  process  of  destniciiou 
of  the  fibre  is  identiad  with  secondary  or  Wallcrian  degeneration. 

After  Removal  of  the  Eyeball.^ — Even  when  pcriphenU  organs 
such  a«  the  cyelwill  arc  e\i  inrtl,  the  centnd  part^  with  which  they  arc 
oomieeted  suffer  involution.  Thus  v.  Monakow  (No.  a  1 7,  xii.  J  882, 
p.  HI  J  IM,,  xiv.  1883,  p.  6*J9)  found  that  after  renu»val  of  the 
eyeball  in  yoting  animals  the  turpim  genicidatum  exu*rnum  fulTeni 
atrophy.  It  woxdd  thus  seem^  as  Forel  suggest*  (No.  517,  xviii,  1887, 
p.  170),  that  the  ganglion  celb  of  the  retina  emit  processes  whjeh 
t^mitiate  iii  this  ganglion.  A  similar  relationship  seemt  to  exiat 
bfltwaen  the  retina  and  the  occipital  lobe. 
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The  Intracephalic  Involutions  following  Removal  of 
Particular  Areas  of  the  Brain. 

971.  A  condition  allied  to  the  above-mentioned  involution  of  ganglia 
from  excision  of  peripheral  organs  such  as  the  eyeball  is  seen  when  par- 
ticular parts  of  the  cerebral  cortex  are  destroyed.  One  of  the  best 
examples  of  this  is  the  involution  of  central  parts  which  follows  ex- 
tirpation of  the  occipital  lobes,  v.  Monakow  (No.  517,  xii.  1882,  p. 
141)  describes  how  when  a  portion  of  the  left  occipital  cortex  in  the 
rabbit  is  removed  there  is  found,  eleven  months  afterwards,  extensive 
destruction  of  the  medullary  substance  underlying  the  part,  and  of  the 
posterior  limb  of  the  inner  capsule  on  the  same  side,  together  with 
involution  and  destruction  of  the  cells  of  the  left  external  geniculate 
body  and  of  the  segment  of  the  optic  connected  with  it,  of  the  outer 
stratum  of  the  thalamus  opticus,  and  of  the  anterior  corpus  quadri- 
geminum,  all  on  the  same  side  as  that  operated  on. 

There  is  some  doubt  as  to  whether  a  distinct  line  of  secondary 
degeneration  in  Man  can  be  made  out  within  the  parieto-ocdpital  harul 
(No.  521,  vii.  1885,  p.  89),  when  the  occipital  lobe  is  removed.  In  a 
case  recorded  by  the  author  where  one  occipital  lobe  was  entirely  cut 
out  by  a  tumour,  some  amount  of  degeneration  could  be  traced  for- 
wards for  a  short  distance.  It  seemed  to  be  inflammatory  rather  than 
atrophic  in  its  causation. 

In  several  cases,  however,  where  one  or  ])oth  occipital  lobes  had 
been  destroyed  the  optic  tracts  have  been  described  as  smaller  than 
usual. 

It  should  also  be  borne  in  mind  that  there  are  certain  cases 
on  record  showing  that  the  occipital  fibres  in  the  parieto-occipital 
band  suffer  from  secondary  degeneration.  Thus  v.  Monakow  (No.  517, 
xvi.  1885,  p.  317)  describes  a  case  where  an  old  haemorrhagic  cyst  was 
located  in  the  midst  of  the  parieto-occipital  band  towards  its  posterior 
extremity,  and  where  a  tract  of  degeneration  could  be  traced  forwards 
from  the  injured  spot  into  the  pulvinar,  the  corpus  geniculatum  exter- 
num, and  the  anterior  corpus  quadrigeminum.  Zacher  (No.  517,  xxii. 
1891,  p.  654)  and  others  have  recorded  involution  of  the  corpus  geni- 
culatum externum,  pulvinar,  and  anterior  corpora  quadrigemina  in  Man 
following  destructive  lesions  of  the  occipital  region,  and  more  pailicu- 
larly  of  the  cuneus.  He  alleges,  moreover,  that  similar  lesions  of  the 
temporo-sphenoidal  lobe  in  Man  cause  degeneration  of  the  corpus  geni- 
culatum internum,  the  inferior  arm  of  the  corpora  quadrigemina,  and 
the  posterior  corpora  quadrigemina  themselves. 

It  has  likewise  been  asserted  by  Laufer  and  Forel  (see  Forel,  No. 
517,  xviii.  1887,  p.  183)  that  in  one  instance  they  found  diminution 
in  size  of  the  red  nucleus  on  one  side  follow  division  of  the  ascending 
cerebellar  peduncle  on  the  opposite. 

It  would  seem,  moreover,  that  a  sympathetic  relationship  exists 
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Ijetween  r^rebrum  and  ct^reheUuniy  in  so  far  at  least  as  destruction  of  the 
one  may  be  accompanied  by  involution  of  the  other.  Howden  (No.  5, 
ix.  1875,  p.  288)  has  met  with  a  case  where,  accompanying  a  shrinking 
of  the  right  cerebral  hemisphere  followed  by  left  hemiplegia  with 
contractures,  there  was  an  involution  of  the  left  cerebellar  lobe.  A 
similar  case  is  recorded  by  Cramer  (No.  492,  xi.  1891,  p.  39). 

LUrrature  an  I/rt/fn^nUio/ut/olloirin/f  D^Mrurtian  or  Enufimtiun  of  thr  Eythiill.  - 
Dentschnuum  fLe«ion8  resulting  from  De^tniction  of  Eyeball) :  Arch.  f.  OuhthaL, 
xxix.  Ab.  1, 1883,  p.  323.  Fiirstner :  Arch.  f.  Psyth.,  xii.  1882,  p.  611.  Uanser : 
Arch.  f.  PHychUt..  xiii.  1882,  p.  341.  Cowers:  Centralbl.  f.  d.  metl.  WissenMch., 
1878,  p.  :)62.  ▼.  Gudden :  Arch.  f.  OphtlmL,  xx.  1874.  Ab.  2,  p.  249  ;  Ibid,,  xxv. 
1  Ab.,  1879,  I).  1.  Heboid:  Arch.  f.  0])hthal.,  xxxviiL  1892,  p.  221.  Marchand 
^Ijesioiis  n*»ultiiig  from  Destnu-tiou  of  Eveliall) :  Arch.  f.  Ophthal.,  xxviii.  Ab.  2, 
1882,  \\,  63.  Michel:  Ajfih.  f.  Ophthal.,  xxii.  1876,  p.  245.  ▼.  Monakow: 
Arch.  f.  Payehiat.,  xiv.  1883,  p.  699 ;  aim.  Ibid.,  xvL  188r»,  ]».  151  et  w^. 
Purtscher:  Arch.  f.  Ophthal.,  xxvi.  1880,  Ab.  2,  p.  191. 

LiUmfurt'  on  I)f«f*'iicrativfijt  folloirinij  AmpuUttion  of  Limbs.  —  Dejerine  and 
Mayor:  Hull,  de la So<'.  de  ]»iol.,  187S.  Dickinson:  Journ.  of  Anat.  and  Ph\-«iol., 
iii.  1868,  p.  8«.  Dreschfeld:  Joum.  Anat.  and  Physiol.,  xiv.  1879,  p.  424 '(with 
other  rcf«'rcnc<fji).  Edinger :  Arch.  f.  i>ath.  Anat.,  Ixxxix.  1882,  \\  46  (vrith  oihtT 
rcfercnc«*Hy.  Hayem  and  Gilbert  ^Spinal  Conl  afttT  Ainjiutation) :  Arc*h.  de 
phyitio!.  nomi.  et  path.,  iii.  1S84,  p.  430.  Reynolds  (Chang*^  in  Ner\-.  Syat.  after 
Amputation  of  Limbs i  :  Brain,  ix.  1886-87,  p.  494.  Sass :  .\rch.  f.  ]iath.  Anat., 
cxvi.  1889,  p.  243.     Vulpian :  Arch,  de  physiol.,  1868  and  1869. 


CHAPTER  LXXXV 

THE  NERVOUS  SYSTEM— (Conemit^rf) 

Encephalic  Tumours. 

972.  Among  the  commonest  are  Sarcomata,  Gliomata,  Secondary 
Cancers,  Gummata,  Tubercles,  Cysticerci,  Echinococcus  Cysts,  etc. 

The  sarcomata  are  of  the  ordinary  types  and  are  often  found 
growing  from  the  membranes  and  pressing  secondarily  into  the  tissue 
of  the  brain  or  spinal  cord.  In  the  cord  they  are  sometimes  multiple 
and  involve  the  roots  of  the  spinal  nerves.  At  other  times  they  grow 
within  the  brain  substance,  causing  widespread  destruction  of  the  parts 
around. 

Primary  cancers  are  rare.  If  such  tumours  do  occur,  the 
pituitary  body,  the  pineal  gland,  or  the  lining  epithelium  of  the  ven- 
tricle might  be  looked  upon  as  their  starting-point. 

Secondary  cancers  occur  in  all  situations,  but  most  frequently 
within  the  area  of  distribution  of  the  middle  cerebral  artery.  It  is  to 
be  remembered  that  when  implanted  in  the  brain  substance  they  are 
sharply  circumscribed  and  easily  enucleated  tumours. 

Some  of  the  most  typical  gliomata  have  ill-defined  borders  (see  Fig. 
465),  the  swelling,  deformity,  and  slight  change  of  colour  induced  by  them 
being  probably  the  chief  means  whereby  their  locality  can  be  recognised. 
They  are  found  both  in  the  brain  and  in  the  spinal  cord.  According 
to  R  Volkmann  (No.  140,  xlii.  1888,  p.  433)  the  nerve  cells  and 
fibres  become  involved  in  the  tumour  and  suffer  degeneration.  The 
axis-cylinder  suffers  first.  It  swells  and  breaks  across,  giving  rise  to 
the  usual  diaphanous  colloid  bodies.  The  nerve  cells  suffer  atrophy, 
and  large  numbers  of  corpora  amylacea  are  found  in  the  neighbour- 
hood. 

Schultze  (No.  13,  cii.  1885,  p.  435)  was  apparently  the  first  to 
describe  an  instance  of  what  is  now  known  as  central  gliosis  of  the 
spinal  cord.  The  cord  was  taken  from  a  man  twenty-four  years  old. 
In  its  upper  part  the  gray  substance  was  irregular  in  outline.  Around 
the  central  canal  there  was  a  tissue  which  resembled  the  glia,  in  some 
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parts  congested,  in  others  presenting  clefts  or  ba?morrhages.  lii  tljd 
lower  dorsal  region  the  niaiulla  spbuilis  wa«  again  norDiaK  It  w»« 
ftooompanled  by  spinal  meningitis,  l»ut  there  were  no  indieiitions^  such 
OS  swollen  axb-cylinders  or  intilt ration  of  the  circiiniforential  piirtA^  of 
myelitis. 

Of  late,  many  instaEces  of  the  dise^iso  have  lieen  recordod  (tee 
Miura,  No.  492,  xi,  1891,  p,  91),  The  gliomatous  niitss  may  stretch 
throughout  the  greater  part  of  the  length  of  the  cord.  It  is  ofUm 
accompanied  by  syringomyelia. 

A  ix!culiar  sclerotic  tumour-Iike  disease  of  the  bniin  is  some- 
times met  with  wliii'h  in  sonie  respects  rt'senjbles  thii  lesion  of  multiple 
sclerosis.  Tumour  masses  of  almost  cartilaginous  hardneas  are  found 
scattered  through  the  aniex  of  the  hemispheres.  In  their  tumour-like 
isolation  they  iliffer  from  the  mueoid-tooking  itatches  of  midtiple 
sclerosis,  us  well  as  in  the  fact  that  they  are  mostly  confined  to  the 
cortex  an<l  do  not  tend  to  surround  the  lateral  ventricles*  The 
medolhi  oblongiita  in  some  of  these  ca^es  has  quite  a  cartilaginous  hard- 
ness, but  the  tipirial  cord  as  a  rule  is  not  impHi^ted.  The  disease  has 
been  descnl>ed  by  Hartdegen,  Pollak,  Bruckner,  Pozzi,  Greiff,  and 
Fiirstner  and  Stuhlinger,  and  the  author  has  met  with  several  inslanoea 
of  it.  Most  cases  have  occurred  in  the  insane  ^  it  is  sometiiiMS 
associatod  with  confirmed  epilepsy. 

The  tumours  as  a  rule  are  from  a  |wa  Uj  a  hazel-nut  in  size  and 
may  project  as  warty  excrescences  from  the  surface.  The  pia  is 
ocf^onsdly  adherent  to  their  surface.  Small  cystic  canties  have  been 
found  by  Fiirstner  and  8tiihlinger  a9soeiat<*d  with  them  (Na  51 7»  xvii. 
1HI$6,  p*  I).  Microscopically  examined,  they  seem  to  be  caused  by  an 
unusual  density  of  the  glia. 

Cylindromatous  endotheliomata  are  found  in  various  paru  of 
the  bmin  or  pnijccting  mU)  the  bnvin  from  the  nienilmiries.  Their 
several  charmcters  have  already  been  referred  to  under  the  neoplasma. 
The  author  lat^^ly  met  with  a  curious  tumour  of  this  kind  in  a  man 
who  for  long  hatl  l»een  an  epileptic.  In  size  it  approached  that  of  a 
large  walnut,  and  it  occupied  the  head  of  the  caudate  nucleus.  It  wms 
sharply  circumi*cril>ed  and,  when  cut  into,  had  a  somewhat  rotl^h 
granubkr  surface^  a  grayish  colour,  and  a  conifuict  consistence*  Examined 
microscopically,  the  tumour  was  sc^en  to  be  composed  simply  of  dense 
agglomerations  around  blood-vc^asels  of  cell  nests  in  a  state  of  calci- 
fication. It  might  be  classified  accordingly  as  a  psammoma. 
Aammomata  also  grow  fn^m  the  choroid  plexus,  and  t-itber  hang 
pendulous  in  the  ventricle  or  lie  deeply  embedded  in  the  brain  sub^ 
stance. 

Cholesteatomata  have  oecasionally  been  described.  Price  (No 
192,  xxxviti.  1887,  p.  24)  records  such  a  gnmth  of  large  stxe  at  the 
boiie  of  the  brain.  It  was  extremely  brittle  and  in^ntained  numsroos 
cholesterine  ery^tak  They  are  not  very  uncommon  in  this  sittiatioo, 
and  appear  in  most  cases  to  be  tumours  which  ha\e  undergcmc  d*> 
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generation  of  which  cholesteriiie  i^  a  protluct,  A  good  many  of  them 
ieem  to  he  dead  and  .shrivolled  hydatid  cysts. 

A  tumour  ia  found  in  tfie  horse  growing  from  the  choi-oid  plexiia 
into  the  ventricle  having  a  reticular  fibrous  atrueture.  The  large 
spaces  of  the  reticulum  are  filled  with  cholesterine  crystals. 

Taubner  (No.  13,  ex.  1887,  p*  95)  gives  a  description  of  a 
lipoma  which  gi-ew  from  the  right  corpora  quadrigemina  and  pro- 
cessus cerelielli  ad  corpora  quadrigemina.  It  was  the  size  of  a  hazel- 
out  and  wa5  entirely  com|)Osed  of  ordinary  fat. 

Tumours  of  the  adenomatous  type  are  rare  in  the  brain.  They 
usually  occur  either  iu  connection  with  the  pineal  gland  or  pituitary 
body.  Coiits  (No.  192,  xxxviii.  1887,  p.  44}  describes  an  adenoid 
sarcoma  of  the  pineal  gland  containing  small  pieces  of  cartilage  very 
like,  he  says,  the  cystic  sarcoma  of  the  mumma.  The  tumours  of 
the  pituitary  body  are  mostly  cystic,  the  cysts  heing  possessed  of 
gehitirious  colloid  contents,  Virchow  called  the  condition  *' struma 
pituitaiia.*'     Raiely  they  bear  a  more  strictly  adenomatous  type.^ 

Circiimscribetl  tumours  cfuij(>os«d  of  gray  matter  of  the  brain  ountaiuing 
pyramidal  nerve  cella  «ire  said  by  Otto  (No.  13,  ex.  18^7,  p.  81)  to  l«^  iiift  with  in 
tll6  white  substance  of  the  «:etobnHii.  They  arc  pLicod  »omt."tiiiies  ojumsit^  the 
highest  i)oitit«  of  the  couvoUitioijs»  at  other  times  are  loi-atc^d  at  the  dt^itthg  of  the 
ftwares  and  sulci.  A  similar  statement  hius  ht-vn  made  by  Simon,  Every  one  who 
kas  worked  at  the  brain  must  be  familiar  with  an  appearatit^e  of  this  kind  re.sulting 
aiinply  from  portiona  of  the  gray  mutter  having  beou  Mliced  olT  irregularly. 
Whether  these  are  the  same  as  the  above  it  is  hiird  to  aay. 

For  account  of  the  condition  of  the  Optics  and  the  so-called 
•*  Hypertrophy  of  the  brain  "'  wliich  accompany  brain  turaoiu^s,  see  pp. 
577  and  708.^ 

Epilepsy. 

973.  It  seems  to  be  well  established  both  from  experimental  find 
clinical  evidence  that  convulsions  at  least,  if  not  true  epilepsy,  may 
result  from  explosions  of  nerve  energ)'  within  the  motor  nerve  cells  of 
the  cortex  cerebri,  medulla  oblongata,  and  fionr  of  the  fourth  ventricle. 
The  name  "  Cortical  or  Jacksonian  Epilepsy "  is  given  to  the  con- 
vulsions from  the  first  of  these  ciiiises,  while  that  of  '*  Infracortical  or 
Medullary  Epilepsy  "  is  the  term  employed  when  they  are  the  result 
of  a  discharge  of  nerve  energy  from  the  medidla  oblongata  and  its 
neighbourhood. 

Cor  Had  or  Jacks&nmn  Eptlepsif, 

Epileptiform  convulsions  in  various  parts  of  the  body  can  be 
excitcMl  by  the  apph*cation  of  a  powerful  electric  current  to  the 
motor  cerebral  cortex  of  the  cat,  dog,  monkey,  or  gnineapig — that  is 
lo   aay,    iu  an   animal    with    a    pretty    highly -developed    cerebrum. 

*  For  further  in  format ioa  see  Housser  (No.  13,  ex,  1887,  p.  9)* 
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According  to  F*  Frank  and  Pitres  (No.  4,  xii.  1883,  p.  l),  the  coij* 
Yiilaions  may  manifest  tbemaelvos  as  a  monospasm  of  a  [particular 
uufcukr  grnu}> ;  sometiDien  they  extend  to  all  the  volunury  muscles 
on  one  side  of  the  body  (hemispaem) ;  and  sometimes  they  atfert  the 
mtisclcs  of  all  four  menii)erd  atid  of  the  two  sidefi  of  the  face  (general 
epilepsy).  The  animal  appearia  to  preserve  it«  conscionsneaa  where  th«^ 
attacks  are  jmrtial  Where  they  are  general,  hou'ever,  conBciuuBness 
ia  loftt»  the  pupils  become  large  and  immul»ile,  anil  do  not  react  to  lighi. 
Other  phenomena  very  niueh  akin  to  thone  of  true  ejiile^jfiy  show  them 
ielvaSi  and  the  end  of  the  attack  in  anrtounced  by  a  deep  inspiration. 

These  phenomena  con^espond  very  closely  with  cortical  epilei»p.y, 
as  originally  deacriJied  by  H.  Jackson  («ee  Bibliog.),  Thia  affection 
differs  from  what  is  eidled  *'  idiojmthic  epilepsy  "  in  the  fact  that  the 
convnilsions  commence  in  one  isolated  nuiscular  group.  An  habitual 
epileptic  of  the  congenital  ty|>e  utters  a  cry,  becomes  insensible,  falls, 
and  18  universally  convulsed^  while  the  Jacksonian  epileptic  knows 
when  the  attack  is  commencing,  is  conscious  of  the  first  spasms^  and 
if  he  become  unconscious,  is  so  only  later  on.  There  is  no  charac- 
teristic cry,  he  does  not  fall  at  once,  but  probably  has  sufficient  time 
to  seat  himself  before  the  attack  has  rcfiched  its  climax.  The  spasms 
usually  follow  a  particular  order  in  their  advent.  Thus,  if  they  liegin 
in  the  face,  they  next  spread  to  the  arm  and  subsequently  to  the  leg. 
If  they  begin  in  the  hand,  they  afterwards  attack  arm  and  face  sueeea- 
Ktvely.  If  they  begin  in  the  leg,  those  of  the  arm  follow,  and  the  face 
is  affected  last. 

This  Jacksonian  epilepsy  is  almost  always  the  result  of  stimulation 
of  the  motor  area  in  the  cerebral  cortex  by  tumours,  softenings^ 
oncephabtis,  meningitis,  etc.  Lesions  of  the  centrum  ovale  provoke 
Jackwmiun  epilepsy  only  when,  at  the  same  time,  they  implicate  llli 
gray  matter  of  the  convolutions. 

There  is  a  pmsibility,  however,  as  already  mentioned,  tliat  dis- 
charges of  a  like  kind  may  take  place  from  fKirts  lower  down  such  a« 
the  mtHlulla  oblongata  and  door  of  the  fourth  ventricle.  IL  Jackson 
(No.  '^21,  ix,  1887,  p.  1)  i^  f[uite  of  thi^  opinion — an  opinion  which 
is  also  held  by  tJowers  (No.  r>:2'».  p.  -01).  The  medidla  oblongata 
in  chronic  epileptics  is  scmietimes  extremely  hard  and  cartilage  lik«» 
particularly  in  the  neighbourhood  of  the  olivary  Iwdies,  The  hardu 
is  due  to  a  coarsely  fibrous  condition  of  the  part, 

Binswangers  experiments  (No.  r>17,  xix.  1887,  p.  759)  also 
to  support  this  view.  He  finds  that  in  rabbits  there  are  a  ii0ri«i  of 
mechanically  and  electrtcally  excitable  points  located  on  either  side  of 
the  middle  line  of  the  fl^xr  of  the  fourth  ventricle.  NV'hcn  they  are 
stimulated  convulsive  phenomena  are  forthcoming  in  the  \nck^  hemd, 
and  extremities  ;  and  not  only  so  but  the  movements  in  t^**  '^^ 
tremities  have  an  organised  character. 

It  is  qtiitc  possible  that  in   the  so-called  iilinpathic  ur  cori_ 
epileptic  these  centres  ai'e  concerned.     The   reflex   chtiracter 
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attacks  woultl  lend  some  colour  to  tbe  notion,  ivnrl,  moreover,  the 
medulla  oblongata  m  such  individuals  is  seldom  free  from  disease.  It 
is  ofteu  of  cartilage-like  hardness,  from  an  overgrowth  of  fibrous  tissue 
having  taken  place  in  its  8n1>stance  (see  p.  CH2). 

Artificial  Produdion  of  /A*?  EpUeptk  Halnt  in  Arumah.  ' 

Brown-S^quard  (see  Bibliog.)  showed  that  guinea-pigs  could  be 
rendered  epileptic  by  various  procedures,  such  as  hemisection  of  the 
spinal  cord,  or  by  injury,  section,  or  pinching  of  a  sensitive  nerve  such 
as  the  sciatic.  In  course  of  time  there  forms,  on  the  same  side  of  the 
head  and  face,  on  the  skin  **n  the  inferior  border  of  the  lower  jaw,  on 
that  of  the  anterior  border  of  the  shoulder-blade,  or  on  part  of  the 
skin  of  the  nape  of  the  neck,  what  he  termed  an  **  epileptogenous 
zone."  The  slightest  Up  over,  or  oven  brushing  against,  this  zone  is 
sufficient  to  throw  the  animal  for  a  few  seconds  into  a  condition 
doeely  resembling  epilepsy  in  the  human  subject.  The  fits,  from 
poasessing  at  first  the  character  of  a  mere  reflex  sjmsm,  go  on  increas- 
ing in  severity  until,  in  the  coui-se  of  something  like  six  weeks,  they 
aBsame  that  of  tnie  epileptic  seizures.  Indeed  Westphal  (No.  43, 
viii.  1871,  p.  449)  has  demonstrated  that,  w^ithout  any  previous 
opcmtion,  a  simple  tapping  of  the  head  of  a  guinea-pig,  as  with  a 
perctission  hammer,  m  sufficient  to  throw  it,  cither  immediately  or  in 
a  few  seconds  afterwards,  into  convulsions.  Instances  of  a  like  con- 
dition in  Man  have  been  refjorted  and  commented  upon  by  NothnageL 
They  have  usually  occurred  in  individuals  who  have  received  some 
injury  to  the  sciatic  or  fifth  nerve. 

But  the  most  extraordinary  case  of  this  guinea-pig-like  epileptic 
condition  on  record  is  that  observed  by  Hughliogs  Jackson  (No,  6, 
1886,  ii,  p.  962).  From  the  care  taken  to  investigate  the  case  there 
cannot  be  any  doubt  that  it  was  genuine.  The  jKitient  was  a  boy 
seven  years  of  age,  who  appears  to  have  had  true  epileptic  fits  off  and 
on  from  the  time  when  he  was  two  and  a  half  years  old.  Latterly, 
however,  he  developed  an  "  epileptogenous  zone  ^'  over  the  heiid.  On 
flicking  the  fjice  with  a  handkerchief,  or  merely  touching  the  head,  or 
when  an  object  like  a  curtain  c^me  in  contact  with  this  zone,  the  boy 
eolhipsed  and  fell  to  the  ground.  He  turned  rod,  looked  vacant^  his 
respiration  ceased,  and  his  eyes  were  drawn  to  one  side.  The  "fit*' 
lasted  for  about  fifteen  seconds  or  less.  He  would  sometimes  have  as 
many  &&  fifty  falls  of  this  kind  in  a  day.  He  t^ook  similar  '*  fits  "  in 
his  sleep  if  the  head  was  touched,  and  the  movements  were  exajctly 
the  same  as  when  he  was  awake> 


State  (ff  tite  Nerve  Centres  during  an  Attiick, 

The  general  opinion  is  that  during  an  ejuleptic  attack  the  brain  is 
afunnk,  and  Kussmaul  and  Tenner  s  exjjkcriments  are  generally  quoted 
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us  8Uj>porting  the  view  that  the  etarting-potut  of  the  epileptic  Attnek 
IB  this  primary  anaemia.  The  loss  uf  cousciijiuBness  is  also  oiuni 
accoiiTiteil  for  on  this  basis.  The  anaemia  u  8Tip|K)sed  to  originate  in 
vascular  »i>a9in. 

If  a  [>er8on  die  ditriiig  a  eonvubivo  fit,  the  brain  will  be  found 
anajnuc  to  an  extraordinary  degree  ;  if  some  abort  time  aftcnft-ardAi 
thd  vessels  contain^  as  el  rule,  more  blood  than  usimL 

It  is  hard  to  explain,  if  anremia  be  the  st:irting- point  of  the  con- 
vulsion, how  Alexander's  operation  of  ligjiturc  of  the  vertebral  artery 
or  arteriofi  (No.  521,  v.  1883,  p.  17U)  provea  efficacious,  as  in  many 
eases  it  seems  to  be»  in  at  least  relieving,  if  it  does  not  actually  eradi- 
catei  the  epileptic  liabit  of  bo<iy.  Perhaps  it  may  be,  as  the  deviser  of 
the  operation  suggests,  that  the  Hgaturo  of  the  artery  acts  by  io  some 
way  altering  the  circulation,  i; 

Lilrr*t(«re  <m  ij»*7<p*»/.— Alexander  iTrual  mi'iit  by  Ligvtui^  t»f  Ori^br»l  Atlvtim^i 
Brein,  r,  18S3,  j*.  170.  Binsw&nger  i,l*iitliogi?ijcHiM) :  Arr^h.  f,  Ptn'chUL,  lix, 
1888.  II.  759.  Brown-S4qiiard :  Hei4CAr<'he»«  on  KpiJop^v.  1857;  afso,  Artlu  tie 
physiol,  noriiL  ct  |J4th».  1868-72,  Fran^ois-Franclc  and  I^itres ;  Arch  dc  physiol 
TKimi.  At  path.,  xiL  ISSU,  y,  I.  Fraser  illeini  Atjujihv  of  Hmin  tuj :  OloAg.  Uvd. 
Jouni.,  xxii.  1S8U,  p,  83.  Gdwers :  KpilopHV  Add  othor  Cln-turic  CiJin-uUivt 
DfagMM,  \m\.     Hare:  r  "  iu  Pnrltotn^' nml  Tnatiimru  l«»a     HofsJcy 

(OrlffiA  and  Seat  of  Kf  i  tirliaiRfvi :    Brit.   M«mJ.  Jotim.,  1892,  i.  p.   693. 

Ia»IKl  { LocAliwition  ..  [jUy  :    LiLtieet»  i,   1^73,   p|>.  64,  162,   2S2  ;    atao. 

lUpriiit  ;  iilm.  West  Riding  Asylum  Rep,,  iii,  1873*  p,  175  ;  aUi^  (1^4111*1  Con- 
▼tlUionj,  Mrd.  Tinii**.  Jiml  Hal,,  \\  1875,  p.  578  H  Jtfq,  ;  also,  Lftjioct,  1877.  i,  p.  87S ; 
aimt  ((ArtivnUt'niHi,  llrniii,  i*,  1886*87,  fK  1.  fackaon  and  Bee^or  iK.  with  Olf. 
Aum.  TuiiKiuriti  lViiip.-8ph.  I^nlie) :  Brit.  Med.  Juurii.,  1889,  i.  p.  411,  Kusamaili 
and  Tenner  :  Mol««^hott's  U nt^rstich.,  iii.  1857,  Paton  (Jii<<kiwmtati) :  Br&iii«  viii. 
18iir*.Mr]^  |K  i74-  UoTerricht  (EitpchmeuUli :  Arch,  t  Parclunt,,  xir.  188S,  p, 
I7i.     Wcstphal:  BciL  klni,  WuL4m*chr.,  viii.  1871,  p  449,' 


1>18i»eMlNATKl>    SlLKHOSlS, 

974. — Stfn.   Insular  sclerosis,  ScI«^rose  en  plaques  dias^min^M. 

Definition. — A  rkrmk  dismse  charodmsetl  bff  the  growth  e^  fokku 
of  new  cmneriwB  Htsus  within  M«  frmtn,  cord,  or  in  both  nmuUm$cmdjf» 
Th'  jMitrJiA^  (ht  ml  follow  imjf  regular  amrm  m  thmf  dutrilmium. 

Historical. — The  disease  appears  to  have  been  fii-Ht  deitcril»ed  by 
Cruveilhicr  (No.  332),  and  the  appeanineei  presented  by  the  parta 
were  about  the  same  time  figured  by  Camwell  (No.  557).  It  waa, 
however,  Charcot  (No.  558,  p.  157)  and  Vulpian  (No.  559,  p.  67ft) 
who  some  twenty -five  to  thirty  years  ago  first  gave  us  a  clear 
description  of  its  clinical  ami  pathological  |)eculiaritic«. 

Vital  Phenomena, — It  is  a  disease  which  may  occur  at  uny 
peri«:»d  of  life,  but  is  rare  in  childhood  and  in  ulil  ago.  It  may 
simulate  all  manner  of  nervous  affections,  but  among  the  most  stnkijig 
of  its  manifestations  ai*e  the  trembling  of  the  arms  on  the  endeavour 
to  perform  purposed  movements,  nystagmus^  and  a  terminatioD  ta 
geoeral  imbe^rility.  There  may  be  paresis,  there  is  not  generatlf 
paralysis  of  the  limbs. 
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eottfified  to  it,  at  other  times  passing  into  it  from  the  subjacent  white 
matter. 

In  the  most  typical  cases  there  is  usually  a  very  large  patch  closely 
embracing  each  lateral  ventriclo.  Within  the  pons  they  are  niinii*n»uss 
jincJ  mi\y  Lie  so  s^uperficially  that  they  are  readily  visible  before  cutting 
into  the  organ. 

They  nmy  l»e  either  »uft  and  geliitinoiw  or  somewhat  hanL  In 
the  latTuer^  met  with  in  oldetanding  cases,  the  j^atches  look  exactly 
like  the  myxomatous  parts  of  a  mucoid  sai'coma.     They  are  Arnxfif 
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( A)  i>nriaiJ ;  (II)  tii^ptr  Umwl ;  (C)  kinm  4on»l ;  (U)  1n»tar. 


flefineil  from  their  surruunf lings,  are  irregidarly  angidar  in  outlindi  and 
have  the  same  soft  jelly  like  aspect  which  myxomatous  patches  poiMMi 
While  fresh^  they  are  gray  or  grayish -red  in  colour,  but  beoome 
redder,  more  salmon-colourei],  on  exposure  to  the  atmosphere.  Thej 
vary  in  si^ce,  from  a  Imrley  seed  to  patches  soveml  centimHres  in 
Itngthi  and  when  cut  into  are  level  with  the  turfaee.  Within  the 
cord  the  patches  are  very  numeroutj.  They  are  tometiuies  wetlge- 
akapcd,  the  base  of  the  wedge  towards  the  }>enp}iL'ry.  The  patch  maj 
nin  inwards  from  the  white  and  nip  off  a  semilunar  piece  of  tlie  gray 
matter,  or  it  may  implicate  the  entire  anterier  or  }>osterior  horn. 
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|H>ssibly,  along  with  the  surronn cling  white  matter.  Sometimes  a 
erescentic  patch  is  placed  symmetrically  on  either  side  of  the  anterior 
fifisure. 

Examitied  micromrpkaUify  the  glia  within  each  patch  is  found  to  be 
cleitfely  cellular,  so  that  when  a  suitiiblc  staining  reagent,  snch  us 
hffiflnatoxylene,  is  used,  the  border  of  the 
putcfa  is  seen  to  l>e  sharply  demarc^ited 
from  the  neighbouring  parts,  owing  to  its 
deep  colour. 

Every  one  (see  Bibliog.)  now  seems  to 
be  agreed  that  the  medullary  she^ith  of 
the  iier\^e  fibres  degenerates,  but  that  the 
axis-cylinder  may  preserve  its  continuity 
for  long,  even  in  its  naked  state.  Hence, 
probably,  the  absence  of  paralysis  in  the 
early  stages.  There  is  also  usually  no 
evidence  of  secondary  degeneration,  prob- 
ably for  the  same  reason.  The  nerve 
cells  preserve  their  integrity.  When 
secondary  degeneration  is  noticed  it  is 
in  keeping  with  the  number  of  axis- 
cylinders  destroyed  (Babinski,  No.  4,  v. 
1>S5,  p.  186). 

In  the  centre  of  each  patch  u  large 
vessel  may  l>e  seen  ;  it  is  often  a  vein. 
Around  it  may  be  observed  an  unnsually 
dense  ^mall-cell  inttltnitioiL 

Nature  of  Morbid  Lesion.— It  has  been  supposed  to  be  a 
localised  encephalitis  or  myelitis.  Charcot,  Yulpian,  and  Fromann 
trace  it«  commencement  to  the  neuroglia.  Rindfleisch  supposed  that 
it  took  its  departure  from  the  adventitia  of  the  blood-vessels,  Adam- 
kiewicz,  on  the  other  hand,  1>e!ieves  that  it  is  a  primary  affection 
of  the  nerve  tubes. 

Liieratureon  MuUipJc  Sclerosis.  —  Bahinski :  Arch,  de  plivsiol.  norm,  et  path.,  v, 
1885,  p.  186.  Bftstiaa:  Tran».  Cliu.  Sw.  UihI,  xvil  1884'  Bruckner:  Arcli.  I 
PiyrhuiL,  xii.  1881-82,  p.  550.  Bnms :  BerL  kliiL  Wwhiisuhr,  xxv.  1888,  p.  m 
Bticb^mrald :  Ueb.  mult,  Sklerose  ties  Hirnn  u.  Ruok*'ii  marks,  1872.  Buss:  B«rK 
kiln,  Wochnschr.,  xxiv.  18S7,  pp.  921,  P45 ;  also,  Uent  Areh.  f.  khn.  M*'d.,  xlv. 
1889,  p.  555.  Charcot:  Lectures  on  Nervons  System,  N.  Syd.  Soc.  Cramer 
(Cormuencing) :  Arcli.  f.  PsychiAt.,  xix.  1888,  p.  Ml.  Duplaiz  :  Arch,  ^•'U,  de 
-fntid.,  1885,  L  |ip.  145,  314.  Ebstein :  Ueb.  mult  Sklcrosc,  etc.,  1866.  Gilbert 
and  Lion:  Arch,  de  physiol  norm,  et  piath.,  x.  1887^  p.  126.  GJynn :  Liverp. 
Med.-Chir.  Jounj.,  vii.  1887,  p.  192.  Hess:  Areli.  f.  Psycliiat.,  xix.  1887,  p.  64. 
ToUy:  Arch,  f.  Psychint.,  iii.  1872,  p.  711.  K5ppen  (Histol.  Chaujyfes) ;  Arch.  f. 
PBychJAt,  xvii.  1886,  p.  (S3.  Oppenheim :  BerL  klin.  Wochnschr.,  xxiv.  1887,  p, 
904.  Osier:  Cftnada  Med.  uud  Surg.  Journ.,  ix,  18S0-81,  p.  1  ;  aho,  R<?priiit. 
Pelizaeus:  Arch.  f.  rsvchiat.,  xvi.  18«5»  p.  ms,  Ribbert ;  Areh,  f.  path,  Auat, 
ic.  1882»  p.  248.  Schuster  (Folkwving  S^^ph.)  i  Dout.  iiied.  Wnchnschr.,  xi.  1885. 
p.  878,  Tjaden  ;  Eiu  Beitmgzur  KcuiitniB^  dor  mult,  Scleixwe^  etc.  Ungrer :  Ueli. 
ninltJTile  uxsclfomiige  Sklerosc  dea  Centrahifirvensygtems  in  Kindesialter.  VulpiAO  : 
Malarties  dn  sjsteme  nenreux.  ii.  1886,  p.  676. 


Vui,  473,  —  Part    of    a    Scuekotic 
Patch   froji   a  Bpinal  Cobd  at- 

fiXTKD     WITT!      IKHULAR    BCLfeXUiaW 

HBowijto  TtiK  FitLtaiias  PUUCDS  OP 
Fine  CoKNJscmvK  TiasuK  FiBRBi 
URTW^ISEK  Tws  KKavK  TniMW  (xaoo 

lilAJMM.) 

in}  Blood-v<MA«I ;  (?i)  injrv*'  tub* 
surrounded  by  ihr  ni?W  growth  of 
t'ounective  tinsuc  <l>>KMroo(J  nuil  riari- 
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Sex. — It  is  a  disease  more  common  in  the  male  than  in  the 
female,  about  10  per  cent  only  being  fem/iles.  It  is  also  usually  a 
disease  of  middle  life. 

Nature  of  Disease. — The  symptoms  are  due  to  a  characteristic 
lesion,  a  sclerosis,  of  the  posterior  columns  of  the  cord  (Fig.  473). 
The  glia  increases  in  quantity  and  becomes  very  fibrous,  so  that  if  a 
small  piece  of  the  degenerateil  tracts  be  cut  oft'  and  squeezed  out  under 
a  cover-slip,  quite  a  felt- work  of  deliwite  ^bres  comes  into  view  (Fig.  474). 

The  nerve  fibres  are  destroyed  at  an  early  peri^^d^  and  the  destmc- 
tion  implicates  ax  is  cylinder  as  well  as  medullary  sheath.  Varicose 
swellings  may  be  found  on  the  axis-cylinders  during  the  time  that  they 
mre  breaking  up. 


■m^^ 
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Fiti.  474.— ScLKUtMts  or  TiiK  Posterior  C-dlumni^  uir  mii  Cot(i>  in  Locomotor  Ataxia 

(xaoo  DiAns.) 

C-a)  OaplILtcy  veMiel ;  (b)  coUold  bodliw  (c)  ijon'e  ttilicA  la  stato  nf  di^^nerfttfon  ;  (ti,  d,  tf)  Mlerotlc 
tfatne  lyiixg  betw«iifi  nnrve  tubus,  tlu)  Kheathit  of  iituat  of  which  are  (iiupty ;  (e)  interfunleuUr  ftrtery 
(lAffiPOOd,  Flerie  Mid.  Km)  CbiridtKl). 


Large  numbers  of  true  amyloid  bodies  are  seen  lying  in  the 
degenerated  parts.  Their  presence  is  in  some  respects  a  distinctive 
feature  of  the  lesion.  The  degeneration  is  usually  regarded  as 
belonging  to  the  class  of  **  system  diseases  "  of  the  cord — that  is  to  say, 
it  is  a  degeneration  commencing  in  a  particular  tract,  and  running 
along  it  upwards  or  downwards,  while  other  tracts  remain  uninjiu*ed. 
It  should  be  remembered,  however,  that  this  view  is  not  unhersaL 

Adamkiewicz,  for  instance  (No.  12,  Ixxxiv.  H.  I,  AIj.  IIL  1881,  p. 
469  J  and  Ibid.,  xc.  H.  1,  Ah  III.  1885,  p.  258)  holds  that  it  is  not  a 
disease  guided  in  its  direction  by  any  particular  tract,  but  that  the 
course  of  the  sclerosis  is  determined  by  certain  blood- vessels,  more 
pftrticularly  the  interfunicular  arteries  of  the  posterior  columns. 
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Seat  of  Origin  of  Lesion  and  Parts  affected. — ^The  sclerottis 
usually  conmiencea  iti  the  hwer  dorml  liiid  u^/prr  lunittar  rrgioiu,  and 
spreads  upwards.  It  h  questionable,  iieverthekaa,  whether  the  diaeaae 
in  the  cervical  portion  of  the  cord  is  always  of  the  same  nature  a«  that 
lower  down.  In  many  instances  it  has  more  the  charact^^r  of  & 
secondary  degeneration  following  upon  deatruction  of  the  ascending 
lunilmr  fibres,  and  corresponds  in  extent  and  site  to  their  |K>aition  in 
the  cervical  cord. 

The  degeneration  begins  as  a  nde  in  the  posUrk/r  roai  zorit,  and  the 
pasiericr  rooii  are  also  implicatetL  It  must  not  Ikj  sup^Kjaed,  however, 
that  the  posterior  root  zone  is  always  the  ^eai  of  advent  of  the  diseaae. 
At  the  primary  Iocuj^  of  the  disease  in  the  inferior  dorsal  region  the 
sclerosis  is  often  best  marked  around  the  interfunimlar  arten/,  between 
the  posteroini-tTnal  and  postero-external  tracts.  The  fibres  of  the 
posterior  colmnn  lying  close  to  the  posterior  commissure  usually 
eaoape.  In  the  upper  cervical  region  the  lesion  may  be  found  strictly 
confinml  Uj  a  >mtiU  urd^ff^ihajwi  arm  mihm  As  traeis  cf  Gall  on  either 
side  of  the  [>o*tterior  fissure*  Lii^xuer^s  imet  is  almost  always  implicated 
(see  Nonne,  No.  517»  xix.  1887,  p.  810 ;  and  Hadden  and  Sherringloii, 
No.  521,  xi.  1889,  p.  330).  Clarke  s  vesicular  €4ilt^mm  are  generally 
destroyed. 

The  pia  maier  over  the  degenerated  tracts  is  sometimes  thickened. 
Tlie  muiruiur  wnt  of  tkr  arterifK  sufiers  great  hypertrophy  and  beeoauia 
peculiarly  homogeneous. 

The  anterior  honi  of  gray  matter  and  the  anterior  nerve  rooU  ia 
a  nde  remain  unaffected.  The  degenenuion,  however,  is  not  alwaya 
confined  to  the  posterior  cohimns.  Towards  the  climax  of  the  disease 
it  may  spread  into  the  lateral  cviumm, 

Uadd«n  mil  ShcrHiigioii  (Ka  521,  xi.  1S89,  }i.  325),  for  imtaac«,  deacniM  a 
oa»e  of  this  kind  ia  which  an  uconding  defcenention  could  be  tnced  througboal 
tbo  rciijr»e  <tf  the  Ut«iml  columns  from  the  towoNt  liniiu  of  thecortl  upwAfd«  through 
Ui«  mndiilU  tihlutiKata,  Bulleti  (No.  r»21,  xn,  ISfK),  p.  4^H)  r«oorrJ«  Aaotlier  osss. 
In  thii  Ihfne  w^s  slight  dcgenenition  of  the  croaned  pyrstnidal  tmct*  throqghoof 
the  entire  don^l  rt^gion,  while  the  anterior  oornoA  and  anterior  nerre  rooli  mv» 
unchanged.  In  the  former  oaae  the  dflgeoemted  fibrt^  in  tli«  lumbar  and  low 
«lar»al  regioQa  were  spread  ont  difliianly,  hut  to  the  upper  dond  aod  eenrieal 
the  tnu!t  of  degenemtiott  wju  tiiort^  drUned,  And  oocnpled  the  io-ealled 
latcrAl  tnct  **  of  Gowerv  in  m  }ic«itioii  midway  between  anterior  and  poilefiar 
rootjk  In  the  mednllA,  it  \my  in  front  of  thr  ivubftantie  geUtinon — a  podtloi 
oooupled  hy  the  direct  oereb4*1Ur  trect  rti  iti  couree  upwards.  For  mch,  and  for 
other  rDieonfl,  Hidden  and  Shi^rringtou  hold  that  ihiB  antero-lateral  tnci  u  etrnpljr 
the  aatcHor  poitiofi  of  the  direct  oerebellar  tnct 

The  pmpheral  nmres  almott  always  suffer  in  cases  of  old  staodiiig. 
Among  thoae  to  be  firet  afiected  are  the  optic  and  the  thini  Hio 
degeneration  within  them  ^eems  Uy  resemble  that  of  the  spinal  eofd. 
It  ia  accompanied  by  complete  breaking  up  of  the  ner\e  fibres. 

Friedreich  (No/ 13,  Kvi.  18G3,  pp.  399,  452),  Westphal  (Xa  517, 
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viii.  1878,  p.  480),  Dej^rine  (No.  4,  ii.  1883,  p.  72),  Sakaky  (No. 
517,  XV.  1884,  p.  584),  and  Nonne  (No.  517,  xix.  1887,  p.  809)  have 
all  described  degeneration  of  peripheral  spinal  nerves,  more  especially 
such  as  are  sensory -cutaneous.  Langhans,  however  (No.  13,  xlv. 
1869,  p.  413),  states  that  the  tactile  corpuscles  of  the  skin  are 
uninjured. 

In  some  very  old -standing  cases  the  heads  of  the  hones  become 
absorbed  and  the  long  hones  deformed  (Charcot's  disease).  It  is 
possible  that  this  may  be  caused  by  a  degeneration  of  peripheral  ner\'^es. 
The  teeth  also  sometimes  fall  out,  probably  for  a  like  reason. 

Where  the  muscles  begin  to  fall  off  the  anterior  horns  of  gray 
matter  will  usually  be  found  diseased. 

Gastric  and  Larjmgeal  Crises. — The  so-called  ''  gastric  crises '' 


Fig.  476.— Erb'b  Scheme  iLLUsxRATiNo  the  Mechanism  of  the  Aroyll-Uobkrthon 
Phenomenon  (see  Text). 

are  difficult  to  account  for  on  pathological  grounds.  Ross  (No.  521, 
ix.  1887,  p.  24)  relates  a  case  where  there  were  "laryngeal  crises" 
¥rith  crowing  respiration  and  tendency  to  suffocation.  They  were 
associated  with  a  completely  disorganised  condition  of  the  fasciculus 
roiundus  in  the  medulla  oblongata  on  both  sides,  and  with  minor 
changes  in  the  ascending  root  of  the  fifth. 

Pupil  Phenomena. — A  peculiar  pupil  phenomenon,  first  described 
by  Argyll-Robertson  (No.  19,  xiv.  1868-69,  p.  697),  is  often  noticed 
in  the  course  of  the  disease.  It  consists  in  the  absence  of  reflex 
cotitraction  to  light,  while  contraction  in  the  act  of  accommodation  is 
retained. 

Erb's  explanation  (No.  140,  xxiv.  1879,  p.  1),  which  is  the  one 
usually  adopted,  is  the  following  (see  Fig.  475) : — The  light  reflex  of 
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thB  pnpO  v  Md  bjr  him  to  be  ngoktad  hj  thm  mic  6BCU. 
Umm  ffi  thi!  optic  Dore  (G)  wiD  cul  olT  die  H^t  retex,  bat  will  ebo 
be  ecconpuikd  bgr  bHiidiieM.  DiteeM  of  tbe  fibres  of  the  ihifd  (H) 
win  heir#  the  «uiie  cffiM  on  the  pupil,  but  wilt  be  accampemed  bj 
dietetiofi  of  the  piipO  end  km  of  ooDtrection  ol  the  papil  in  i 
detfaifi.  Dafltmetion  of  the  fifarei  {^)  conoeeting  the  corpom 
gnmiiA  arici  the  oacleuB  of  the  third  ocsre  will  arrEst  th<9  light 
and  the  loai  of  reaction  will  not  be  eeoooipaiiied  by  either  f ' 
or  paralyiit  of  the  ephtncter  of  the  irisw  Cootfactaoo  to  aeeoa 
will  alio  be  retaioetl,  beoittie  the  path  A  will  still  be  open.  Hie  eeei 
of  thd  lesion  anderlying  thin  jiociiliar  papil  phenomenon  oo^l  there- 
fore to  W  in  a  I  Kith  correi^onding  to  ^ — that  is  to  say,  at  a  point  eooe- 
where  intemiedtatc  between  the  anterior  corpora  qnadhgenuna  and 
the  flour  (jI  the  aqueduct* 

Cause  of  Incoordinatioii. — It  is  probably  due  simply  to  the 
loss  or  inipairmeiit  of  the  reflexes  neceasary  for  locomotion^  together 
with  a  greater  or  kas  amount  of  impainncnt  nf  tactile  sensibility* 
The  loss  in  control  over  the  sphinclcm  which  ensues  in  the  later  stages 
of  the  disease  can  be  rxphitniHl  on  the  name  grounds.  Van  Deen  and 
CI  Bemnn)  demonfttrsted  that  scclion  of  the  posterior  nerre  roots 
induces  loUiI  iimbiliLy  to  cixirdiimte  moveuient ;  while,  of  liit^,  two 
ossew  have  been  recorded  by  Dejorinc  (Xo.  4,  iii,  1884,  p,  231)  in 
which  the  ataxy  w&8  the  result  of  neuritifi ;  and  one  by  Bennett  (Na 
J93,  xriii.  1886,  p.  168)  in  which  locomotor  ataxia  of  spinal  origin 
was  completely  simulated  by  multiple  sarcomatous  ttunoun  pressing 
upon  the  jxj^tcrior  norvo-roots. 

Thtt  lightning  pains  nnd  <le1fiy  in  transmission  of  jiainftd  tm- 
prcsKionii  iiVi"  to  !>c  t  \plain<Ml  on  n  like  basis.  The  fact  of  the  pi^culiar 
during  paiiiA  coniing  cm  cju-l)'  in  the  disease  is  accounted  for  by  the 
sderosis  so  often  comiucncing  in  the  fjostcrior  nerve-root  zone. 

Tho  absence  of  paradysis  of  motion  is  due  to  the  antenv 
latcnal  eoluniuH,  the  atitcriur  curnua  of  gray  matter,  and  the  ant«iricir 
nerve  rot»tn  \mx\^  h\M\Tvi[, 

Syphilitic  Origin* — It  has  often  been  asserted  that  the  exciting 
agent  jn  lr>r»inif*t4*r  utnxiii  in  syphilis.  Foumier  (No.  134^  ccix.  188€, 
p  tfOO)  liiui  iniulr  ijireful  irif]uiry  into  the  matter,  find  his  statistics 
«how  that  out  «if  l-l»>  nises  of  locromotor  at^ixiii,  9  were  without 
syphilitic  antecedents ;  22  wert?  doubtful,  ue.  hud  suffered  from  a 
venereal  nore,  Imt  whether  Hyphilitic  or  n»*t  could  not  be  ascertained; 
112  had  undoubti'dly  8u(Tcred  from  hyjihilis ;  mid  3  apparently 
horeditjinly  My|ihi[itie. 

Ataxic  Paraplegia,^ — A  peculiar  form  of  ataxia  is 
MH'W  wh<^n%  in  addition  to  many  of  the  ordinary  ataxic  phenomena^ 
there  arw  KUperatldiHl  those  of  diminished  tnuBruliir  power.  The  two 
often  develop  pari  ptjixn.  The  lightning  jiains  nnd  the  Ai^ll* 
Kobertaon  pupi!  an*  usuidly  uWeut.    Thi*  con!  presents  -  '  iltera- 

tion  hoth  in  the  }>ot»terior  and  latend  coUunnei;    the  di  ^m  in 


i 
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Pin.  47fl.— SicnoB  or  Cokd  ArpRTTBD  witb  tub  Sclbhoaib  or  KBtEDRi:ici]'8  Disease. 

Hie  piitcbee  Are  C30iiflja««i  to  the  pnittcrUir  uul  lat«ra)  coluiatis.     Lrpjier  Itamhtir  region  ( x30  Dwttis., 
reUivt^cd— Weigeii'e  Hieinatoxylcne  JStaiti). 

Ataxia  and  Bulbar  Paralysis.— Locomotor  ataxia  enda  occa- 
sionally  in  bulbar  paralysis,  with  atrophy  of  the  bullmr  nerves. 


Friedreich's  Disease  {Hnedifartf  Ataxia), 

976,  Definition. — By  this  is  understood  a  hertffidmj  foim  af 
tiiaxia  vmalhf  aff*-ctin*}  .<erenil  members  uf  a  famibf.  The  age  at  whith 
it  shows  itaeli  varies  from  four  to  tweiity-four  years  (Gowers),     Fi  ied- 
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reich  claasltied  it  with  locomotor  ataxia,  Charcot  nm]  Hoiiinville  with 
disseminated  sclerosis. 

Nature  of  Lesion. — In  all  wcllauthenticated  cases,  acconHrtg  In 
Priedrekh  <No.  l*i,  Ixx,  1H77,  \\  140),  the  inoftt  manifeKl  lesiuii  is 
eclerofiis  of  the  posterior  colunins^  soinetimefi  uflectlrig  Ijoth  tho«e  of 
Blirdach  and  of  GolL  In  aildition  to  this,  selerods  is  found  in  the 
other  coliimiia,  sometimes  in  the  |>o«tcTior  part  of  the  lateral,  at  other 
times  in  the  anterior  columns.  In  the  lato^il  enlumn  the  degeneration 
mxiy  take  the  form  of  a  wedge  (Fig,  476),  with  the  base  to  the  peri- 
phery and  the  apex  pointing  towards  the  bay  formed  by  the  junction 
of  the  anterior  and  posterior  gray  cornua.  Friedreich  reganlinl  the 
cord  lesions  as  primary,  not  secondary.  He  also  stated  (No.  13,  Ixvtii, 
187G,  p,  177)  that  the  lesions  of  the  posterior  columns  cease  in  th«* 
medulla  oblongata. 

Liietaturf  im  /^kiim*>tor  Jt*tjria.—Adajnkiewicz  I  Arcb.  f.  Payohiat.,  x.  l^AO, 
ji.  767  ;  fil*<*  (AiiAtomvj,  Siuun^b.  d,  k,  k.  Ak^l.  <L  Wbscnflch.*,  MAth.-natiini-. 
VI,  1H«4,  Wiinj,  lSiJ6,"*a  ii.  25*.  Althawi :  Progreawvo  Lot-omotor  AtAxy,  l(^M. 
Bennett  (Witlitmi  Din,  of  P.iHt,  Oik)  ^  Trann,  CL  8oc.  LomL,  xviti.  188&»'|'v  1«^^. 
BramweU  (With  hnnn  of  M\m\  Sense):  Hniiti,  x.  1887-88,  ti.  218.  Brown: 
Brain,  xv.  \SM'I,  p.  25o.  Bulleo  (L.  A,  with  Gru.  P^tml y»i») :  Brain,  xiL  188^{K>, 
[I.  43iJ.  Charcot  (Joiut-L«biia) :  Arch,  dc  phvaiol.  norm,  et  jmlIU,,  it.  1869^  p. 
121  ;  vi.  1871,  \K  l«itf  ;  aUo,  Bull.  Soe.  jiUAt.  ile  Pur.,  I  U7f»,  [k  r*IO,  CbiU^CoC 
and  Toffroy:  Arch,  de  phyaiol.  Donii.  ot  pftUi.i  iiu  1870,  p,  JiOB.  Dreichfeld 
<PriiiJni«'h\  DiHi'iuip) :  M&ncbest.  and  Uviri*.  Ho«p,  Rep.,  ir.  187<^t  p.  ?>3.  Dr^* 
fuat  (pAmlyiin  of  Larynx  in) :  Arch.  f.  [nith.  Aaat.,  exjt.  1890,  p.  Ifii.  Duchenne  : 
Arch,  giui.  ilfi  mt'd.,  1858,  ii.  p.  641  ;  18&9.  i.  pu  36,  ir.8,  417  j  \^^\  it  Ic 
rj70  ;  aim*  (SMnjMithetU'  in),  G&Jt.  h«W|.  de  mkl.  ei  Qv  rhir.,  1.  1H64»  pp.  11 6,  Hi  ; 
n/jBi,  CoUwtwl  Worku,  N,  Sye!.  S«h%,  1883,  EichofSt :  AnJj.  f  p»th,  Aii»l-,  cxxr. 
1891.  p.  25.  Erb  i  Ktiol..^  of  Tith«'i»>:  SitmmL  klin.  Vortr,  1892,  No.  :»H  i  Inner? 
MwJ..  N'o.  18,  p.  :*\^K  Euleaburg:  Arrh,  r  mth,  Aniit.,  xcix.  1885,  t.,  1», 
Everett  Smith  iFricHlroifh  ;4  l»i*i"ii.s4»i :  Ho*+ton  Me«L  rtiwl  8urtf.  Joum.,  h^lfi  Oct, 
1^81*.  Flechjiif  i  i»  I*  A.  n  "  SysUMii'IitM?ft.?*c  ") :  NcuroL  t'cntrulbL,  ix.  1890,  pp.  33^ 
It,  Friedreich  (HrmUtury  Koi-mi :  An-h.  f.  iKitli,  An^t.,  Ixviii.  1876,  p.  H5  ;  but- 
1877,  IK  140  Goldsch^ider  i.\Uxy  and  Mumle  S^iiijw) ;  Anh.  f.  Physiol,  I8«7t  fit 
491,    Cn  :  TmuM.  Cliu.  Soc.  Lond.,  ixi.  188S,  p.  2^;i,    Gowera 

(AUcir  I  1 886 Ji.  pp.  It  61.    Hadden and  Sherriiig:ton  :  Br*tti, 

xL  1888-^ '  I-  ...  V.  t%.«iiijden  (ArthroiMithy  in) ;  Arch.  f.  mih.  An»t.,  tix.  1^8i, 
n.  SIS.  KAhler  and  Pick  (Auxir  P.imi.lca:itt):  Arch.  f.  Psveliiat.,  Yiii.  1878,  pi» 
iSl  ;  /fri//.,  X.  \y^siy,  p  i:;*.  Lissauer  tPath.  Anat,):  Neimir  Ontralhl,  iv.  ISRS, 
p.  2iri  ;  tr/*r/  ^(*oin^«'  I  if  Vihtv*  in  IVwt,  Horn):  Arch.  f.  Psycbiat.,  xvii.  1886,  p, 
877.  Mtozet  (Hmi-iliUi  V  mid  l)iM*"j4*i*«  of  Oi^lNfUiim) :  Areh.  f.  iVychiat,  xxiJ, 
1890,  p.  16<».      M6btUS  iSi'w  lvi>»tvin'ht'i*  ynl :  HchniidU'  Jnhrb,.  ccix.  1886,  p,  2<KK 

in):    Arch,   f.   iNychiat.,  xix.  1887,  p.  809.     OppesUMini: 

1H8M.  p.   Ml.      Oppenheim  and   Siemerling :  Areb.  t 
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Konne  (P<'riptK  N-rv 
Airb.   f.    P*vphint,,   xx 

P»Tchiftt.,  xViii.  Mini,  p.  98.  Redlich  {W^^l'  IU»Aa  of  Sp.  Coitl  and  TaTw^)  :  Jahrk 
f  Ki.ln.a,!.-,  xi.  I8fi'i'9a,  p.  IVMI  Reumont:  SyidiiliM  u.  Tttl*«i,  1881,  Rind^ 
flei'  Anal,  tif)  t  Cong.  f.  innt^n'  Mt^L,  Wieiib.,  vi.  1H87,  ju  100.     Robiosoa 

(br  Joim    Affi-ctioTn:    Tmu*.,   Path.   ?4*r^   L<ind.,  xxxviij.   1887,  ru  S19. 

Ross  .L.       .1^  111  I'.vEMi    i^.  1887,  p.  21,     Rossoljmnio  { Trophic  LmIods 

8kin) :  Ai  ]  1  .  ill  :i  ,  V  1  -  1,  !►.  722.  Shawi  Pmphtirtl  Nnvrsh  .lovirn.  ICisrf. 
aiid  MrnL  IfLs.,  N.  ^.,  xv.  I'^^'^,  ju  KD.     Spitjdca  lU^lkitioiiM  h-  ma 

aiid  l^miou^) :   AlieniNt  and  Ntunjlu^n^t,  vi.  Nu.  :i.      Stewart  i«  i 

Mad.  Time*  and  Haju,  1H76,  ii.  p.  411  ;  ^t/^u    hv*-  Phfrioimiui  in  ,  1-.  ..  |i. 

181  J  isf«ri  (Kytf  HytiiptoinMi,  Bntin,  ii.  1Hm»,  j>   J^K     StniSipell  :  Andi 
X.    1«80,    p,   676';    xi.   lf*81,   p.  27;    xn     iv^'J,   p.    723.       Suckling  «j  • 

DtiH«»r)j  HI.  Jklwl.  NVwii,  Lnnd.,  iv.  1889,  p.  257.  Wcstphal :  Arvh.  f.  Ihiychiat, 
xvil  1886,  J..  i47.     White  (Ewcnt  EoMarcUc^:  :   iSrAin,  u,  1886*87,  |i.  396. 
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Poliomyelitis  Anterior  (ttoAio?,  rtraij). 

977.  Meaning  of  Term. — This  term  is  applied  to  what  is  sup- 
posed to  be  an  inflammatory  affbction  of  the  anterior  horn  of  gray 
matter.  The  disease  comes  on  sometimes  acutely,  at  other  times  very 
slowly  and  insidiously.  In  accordance  with  this  the  following  clinical 
varieties  are  recognised.  In  the  whole  of  them  the  ultimate  lesion  of 
the  cord  is  probably  identical. 


(1)  Infantile  Spinal  Paralysis — Essential  Paralysis — Polioviyelitis 
anteiior  acuta  infantum. 

The  disease  passes  through  three  stages — {a)  the  period  of  acute 
fever  in  which  the  paralysis  supervenes ;  {h)  the  period  in  which  the 
fever  hjis  vanished  and  in  which  the  paralysis  becomes  stationary  and 
the  muscles  undergo  atrophy ;  and  (c)  the  stage  in  which  deformities 
of  the  limbs  present  themselves.     It  seldom  proves  fatal  in  childhood. 

The  anatomical  lesion  consists  in  an  acute  destruction  of  the 
tropho-motor  nerve  cells  in  one  or  in  both  anterior  horns  of  gray 
matter.  Although  the  symptoms  at  first  may  point  to  the  disease 
being  more  or  less  general,  the  destruction  of  the  nerve  cells  is  usually 
localised  to  the  cervical  or  lumbar  swelling.  The  glia  cells  in  the 
affected  horn  of  gray  matter  are  said  to  be  increased  in  luimber. 
Empty  spaces  are  left  where  the  nerve  cells  have  vanished,  and  in 
course  of  time  the  anterior  roots  appear  to  be  more  or  less  completely 
broken  up.  Later  on,  the  part  of  the  gray  matter  implicated  becomes 
very  fibrous,  and  the  contraction  of  this  fibrous  tissue  brings  about  a 
shrinking  of  the  horn  ^vith  a  depression  of  the  corresponding  anterior 
root  zone. 

The  disease  is  usually  regarded  as  inflammatory,  but  on  reflection 
it  will  be  seen  that  the  appearances  are  by  no  means  those  of  an 
ordinary  myelitis  (p.  582).  The  fact  of  its  being  so  peculiarly  localised 
is  against  the  inflammatory  theory. 

Cerebral  Variety. — Infantile  paralysis  does  not  always  seem  to 
be  due  to  a  spinal  lesion.  It  has  long  been  known  that  it  is  occasion- 
ally of  cerebral  origin.  The  supposition  was  formerly  that  in  these 
cases  a  haemorrhage  had  occurred  in  infancy,  and  that  this  explained 
the  shrinkage  of  the  brain  sometimes  found  later  on. 

Jendraasik  and  Marie  (No.  4,  v.  1885,  p.  105)  and  Strumi)ell  (No.  93,  1884,  No. 
xliv.  quoted  by  Hoven)  seem  to  have  first  drawn  attention  to  a  disease  of  the  bi-ain 
supposed  to  be  an  cncepkalUiSy  alike  with  that  of  the  anterior  comua  of  the  cord  in 
ordinary  spinal  infantile  paralysis.  Striinipell  named  the  condition  '*  Polio-encepha- 
litis." This  appears  to  account  for  a  large  proportion  of  these  cases.  When  the 
individual  lives  over  the  acute  stage  the  cortex  of  the  motor  area  of  the  brain  always 
shows  multiple  destructive  lesions  of  a  porencephalic  nature. 
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In  a  good  many  instances,  however,  hsemorrhages,  softenings,  etc., 
account  for  the  phenomena  (compare  Koss,  No.  521,  v.  1883,  p.  344). 

Seeing  that  the  destruction  of  the  cortex,  from  whatever  cause,  is 
usually  localised  to  small  areas,  particular  muscles  or  groups  of  muscles, 
as  might  be  expected,  become  paralysed  and  ultimately  contracted. 
The  disease  comes  on  during  infancy  or  early  childhood,  and  is  usually 
ushered  in  by  convulsions. 

Ross  (No.  521,  V.  1883,  p.  344)  draws  a  distinction  ])etween  the 
condition  of  the  muscles  in  this  and  in  infantile  spinal  paralysis.  In 
this  they  are  contracted  or  contractured,  and  the  limlw  consequently 
assume  characteristic  positions.  In  ordinary  infantile  paralysis  they 
are  relaxed  and  flabby. 

In  by  far  the  greater  number  of  cases  essential  jiaralysis  is  a  disease 
of  infancy  or  early  childhood.  It  should  l>e  remembered,  however, 
that  an  identical  disease  is  occasionally  met  with  in  the  adult. 

(2)  Polimnyelitis  subacuta  s.  chronica — H\isting  PaUtj — Paralysie  gMraltr 
spinaU  antirieure  suhuigue  (Ducheniie) — Progressive  Sjnnal  Muscular 
Atrophy, 

Vital  Phenomena. — A  feeling  of  weakness  is  first  experienee<l 
in  the  muscles  of  the  upper  extremity  ;  wasting  in  these  muscles, 
beginning  usually  in  the  interossei  and  muscles  of  the  ball  of  the 
thumb,  and  spreading  upwards  to  those  of  the  thorax  and  trunk, 
follows  ;  while  the  disease  is  slowly  progressive  and  invariably  ends 
fatally. 

Morbid  Anatomy. — The  lesion  is  essentially  the  same  as  in  the 
foregoing.  It  is  seldom  that  all  the  nerve  cells  vanish  from  the 
anterior  horn  ;  the  defect  is  rather  confined  to  individual  groups.  It 
may  hap]>en,  however,  as  in  the  case  recorded  by  Oppenheim  (No.  517, 
xix.  1887,  p.  381),  that  they  have  completely  disapjKjared. 

The  muscles  lase  colour  and  fall  off*  markedly  in  bulk.  The  fi]>re8 
l>ecome  fatty,  but  more  as  a  secondary  affection  than  as  a  primary  con- 
dition. The  first  alteration  noticed  in  the  muscles  ap{>ears  to  be  a 
proliferation  of  the  connective  tissue  (perimysium).  This  is  followe<l 
in  time  by  fatty  destruction  of  the  fibre.  In  the  later  stages  of  the 
disciise  the  iiitersjxfices  of  the  muscular  bundles  may  l>e  fille<l  with 
adi{x>se  tissue. 

Littrnturr  on  roliot/uf/itis,  .interior  tu'uta,  and  C/tnoihn — In/nntiU  PartilyntA.  - 
Bernhardt  (Sjiusiif  Orebral  I'ar.  in  ChihlnMi) :  Anli.  f.  i»ath.  Aimt.,  cii.  lisbl*,  \k 
26  ;  o/mi  (.Iiiv»'iiile  Pn>>(.  Mu.sc.  Atrophy,  with  Iiiiplicatioii  of  Eye  MiiMclcs;,  lierl. 
kliii.  WiKlniM-hr.,  xxiv.  18^7.  p.  7t):i.  Damaschino  (Path.  Anat.):  Gaz.  <1.  hwii.. 
Iviii.  iss'».  j».  6*jr*.  Duchenne :  LVlcctrisation  l(Kalls«M»,  1S72.  Erb :  Cyclo}i«t4ia 
of  Pra<tical  MikI.  ( ZiciiiHscn ;,  xiii.  Gibbons  :  Mtil.  TIiim'm  and  Gaz.,  ISh^,  ii.  ]*. 
307.  Gibney  '(Vnbral  Par.  in  Cliildnn;:  N.  Y.  M«-<1.  Ktf.,  xxx.  l«SeJ,  j..  31*3. 
Cowers  dtirtli  PalMt-j*) :  Liinrot,  l^{<^,  i.  \k  701».  Hadden :  Hrain,  vi.  Ks83-n4. 
I».  30"J.  Hoven  :  Ikitra^;  /ur  Anat.  <hT  criobralen  Kinderlahmung,  1887:  «/**» 
(Cerfljral  Infantik-  Paraly.sisl,  Anli.  f.  P.syrliiat..  xix.  l>i?\  |».  503.  ▼.  Kahlden : 
Beitr.  z.  {»ath.  Anat  u.  z.  AUg.  Path.,  xiiL  1893,  p.  113.     Kast  (Orebrel  Infantile 
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Paralysis) :  Arch.  f.  Psychiat.,  xviii.  1887,  p.  437.  Oppenheim  (Chronic) :  Arch, 
f.  Psychiat,  xix.  1887,  p.  381.  Pasteur  (Infant.  Par.  limited  to  Bulbar  Nuclei) : 
Lancet,  1887,  ii.  p.  858.  Rockwell  (In  Adult) :  N.  Y.  Med.  Rec,  xxvii.  1885, 
p.  205.  Ross:  Brain,  1882  and  1883.  Seelig^miiller  (Birth  Palsies):  Berl. 
tlin.  Wochnschr.,  xi.  1874,  pp.  500,  517.  Wallenburg^:  Bin  Beitrag  zur  Lehre 
von  den  cerebralcn  Kinderlahmungen,  1886  ;  also  (Infantile),  Arch.  f.  Psychiat., 
xix.  1888,  p.  297.  Williamson  (Early  Changes):  Med.  Chron.,  Manchester,  xii. 
1890-91,  p.  454.  Wolfenden  (Infant.  Cerebral  Par.) :  Piactitioner,  xxxvii.  1886, 
p.  161. 

Erb's  Paralysis. 

978.  This  term  is  applied  to  a  condition  in  which  there  is  atrophy 
of  the  muscles  as  in  the  above,  but  where  the  atrophy  of  the  muscles 
is  limited  to  those  of  the  shoulder-gii*dle  and  arms,  in  some  cases  affect- 
ing also  those  of  the  thigh,  while  the  forearms  and  hands  are  free. 
The  juvenile  form  of  the  disease  is  apparently  a  primary  myotic 
affection. 

Muscular  Atrophies. 

979.  As  muscular  atrophy  plays  so  prominent  a  part  in  polio- 
myelitis, it  may  be  as  well  to  draw  attention  to  some  facts  connected 
with  muscular  atrophies  in  general. 

Lesions  of  the  brain,  as  a  rule,  do  not  cause  muscular  atrophy  so 
long  as  the  trophic  nerve  cells  of  the  anterior  horn  of  gray  matter  are 
intact  It  is  the  separation  of  the  muscle  from  its  trophic  nerve  cell 
which  acts  as  the  commonest  cause  of  muscular  atrophy  in  nervous 
diseases. 

Dreschfeld  (No.  521,  viii.  1886,  p.  164)  makes  the  following  classification  : — 

(1)  Such  as  result  from  a  primary  affection  of  the  motor  nerve  cells  in  the  anterior 
horn  of  gray  matter  in  the  cord  —  either  inflammatory  or  degenerative.  To  this 
group  belong  infantile  paralysis  and  acute  poliomyelitis  of  adults,  progressive 
muscular  atrophy,  subacute  and  chronic  poliomyelitis,  and  amyotrophic  lateral 
sclerosis.  The  degeneration  of  the  nuclei  of  the  motor  cranial  nerves  is  the  starting- 
point  of  the  muscular  atrophy  of  acute  and  chronic  bulbar  paralysis  (glosso-labial 
pharyngeal  paralysis,  and  Wernicke's  jwlio- encephalitis  superior,  acute  and  chronic). 
The  ophthalmoplegia  of  Hutchinson  and  Mauthner  is  also  probably  to  be  included 
in  this  category. 

(2)  Where  the  spinal  cord  is  found  normal  and  the  lesion  resides  chiefly  in 
peripheric  and  intermuscular  nerves.  The  effect  of  the  morbid  condition  of  the  nerve 
is  to  separate  the  muscles  from  their  trophic  nerve  cells  in  the  spinal  cord.  Within 
this  group  are  to  be  included  the  multiple  peripheric  neuritis  of  Leyden,  lead 
paralysis  with  atrophy,  alcoholic  paralysis,  and  some  at  least  of  the  paralyses  and 
atrophies  following  diphtheria,  typhoid,  and  other  zymotic  diseases.  The  condition 
of  the  limbs  in  Beri-Beri  and  that  resulting  from  wounds  of  nerves  or  pressure  of 
tumours  upon  them  are  also  to  be  reckoned  in  this  gioup. 

(3)  In  this  the  muscles  themselves  arc  the  primary  scut  of  (he  affection.  It  includes 
the  juvenile  form  of  Erb's  paralysis,  that  of  Charcot,  and  that  of  Dejerine,  ond 
lieeudo-hypertrophic  paralysis. 
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(4)  H^/Ux  atrophies  atv  now  ttcknowU'dgt^i.  Charcot  Im»  iiMu]<»  «  fp^clAl  ttmly  of 
Utote  aModat»d  with  joitit^AtriictioiiJi.  U  la  AMMuiuod  th^t  tli«  trophic  g^oglU  att 
irriUUd  in  ft  reflex  w*y  by  the  pc>riphcr«l  atimulns. 

Charcot  and  Dej^rine  describe  a  primary  iitniphic  aflToction  nf  the? 
iniHcIes  of  the  face. 


Thomskx's  DmSASK  (M^^mia  oni^eniiay 

980.  Thi*  name  is  applied  to  a  coi»genital  condition  in  which 
there  18  tunic  contniction  of  the  mnseic:^,  scunctiincs  of  the  whole  iHxly, 
hilt  more  cHpecially  those  of  the  hands  and  feet.  The  contniction  in 
THfist  marked  on  coniincucing  a  jKirticuhu*  njovcnient,  a§  in  pjing 
upstair^  and  in  a  manner  wears  otT  as  the  movement  is  continued. 
The  di^a»e  api^ears  to  bo  hereditary.  Thomsen^  who  himself  waa  a 
sufferer  from  it,  traccfl  it  in  hi«  family  through  five  genemtiuns.  It 
commences  in  early  child hoo«l,  and  the  symptoms  booome  more  marked 
with  incre-asing  years. 

So  far,  little  is  known  nf  it.s  pathology.  The  only  ilcftnite  oWerva- 
lions  are  those  of  Erb,  and  of  Marlins  and  Uanijemanii  (see  Bibliog  ) 
on  the  state  of  the  muBcles*  They  found  the  primitive  bundlda  in  a 
itate  of  hy|*ertrophyt  with  increase  in  the  number  of  the  nuclei,  do- 
cmaed  evidence  of  striation,  and  vacuolation  (Erb). 

Liitrahtf0  pm  Tkanu0n's  JXmaat  (Mifotimia  ro/**^»i7<i ). —Banham  :  Uiuin,  x. 
1fl97'»^  p.  229.  BuzsArd:  lancet.  lH87.i.  p.  »72.  Cook  and  Smeeten:  Brit. 
Mifl,  Jtiurii,,  KHyO.  i.  p.  78.  Duia :  Jourii.  N<»rv.  aimI  MtuL  DU.,  N.  V.,  xw  Ikss,  p. 
•2^S»-  Erb  :  Di«'  Tlioiusen'sche  Krmnkh<*tt,  \Hm  ;  aUj,  hml.  An  h.  f,  kliii.  Wvil,  %}r. 
J8*k»,  p.  :*2il  Euletibuf^  and  Melchert  (In  Koiir8i«tvn») :  K«rl.  kUii.  W^Nlunu-Ur.. 
%^L  1^85.  II,  nn^K  Creiner:  ^tii«]e  !«nr  In  mnUdie  tie  Thoiniicii,  18f)0.  Hammond: 
O&illard'i  Med,  Jouni,,  X.  V.,  xVl  ls>d,  p.  tJl  4,  Martius  and  Hansemuui :  Arch, 
r.  path.  Anat.^  cxvil  18&»,  p.  587.  Moyer:  Mc«L  N^us  niil*.,  hii  l^w,  j^  1^*5. 
S«ifert:  Deut.  Arch.  f.  klbi.  Mrd.,  xlvih  lHw\  j,.  127.  THomscn:  Crwtr*IbL  f. 
Xrrv«-nU.,  viH.  1985,  ]k  193.     White:  Guys  H.mp.  K*"p..  \%%l  1889,  p.  329. 


I 


Ps^£L'DUMl^sCULAR  Hyi*BRTROPHV  (Atrophia  $nujieuUniim  lijMnmMta9iiy, 

981,  The  disease  is  eharacteri^Hl  by  the  appurcnt  great  hyfier 
trophy  of  the  muacles  of  the  legs  iind  butUicka,  accomimnied  by  pn> 
gresftiva  WOAkneas  in  the  af!*ecteil  limbii  and  a  peculiar  stnuldling  ^iU 

It  edema  to  be  primarily  an  affection  of  the  nmscles  at  faulty  for 
although  alterations  of  a  pathologicjil  nature  have  been  found  in  the 
npilial  conh  yet  they  are  by  no  mcAUS  of  conatant  occun^ence,  nor  do 
they  involve  definite  jiartK  They  Miry  alsi»  in  their  nature.  The 
anterior  nene  riK)ts,  it  is  «aid,  suffer  partial  disintegration. 

The  condition  of  the  inUAclea,  such  us  tho^  of  the  ciilfi  is  alleged 
to  >»e  one  iti  which  there  ia  a  proliferittion  of  the  connective  tissue 
nuclei  between  the  bundles  and  also  of  those  of  the  saroolemnui. 
These  increase  to  such  an  extent  that  the  muscular  fibres  suffer  atit>ph[^^ 
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aTid  cerUin  of  them  assume  the  broken-np  colloid  aapect  of  the  Hat 
alxJomiiial  and   thii;h  muscles  in  typhoid  fever.     Later  on,  the  new 
formed  cells  become  infiltrated  with  ail  and  con\xTted  into  true  adipose 
tissue. 

LUtraiiirc  OH  PMUjJo'HypertropJnc  ParaiystL^.^Bergtr :  Arcb,  f.  Psychiat,  xiv. 
1883,  p.  625,  Charcot  (State  of  Muftclea):  Arcli.  tie  |)hysiol.  riorni,  et  \mth.^  iv> 
1871,  p.  2'2H,  Clarke  and  Gowers :  Lancet,  l«74,  I  ]>*  HOI.  Cohnheim :  Tres. 
AbhiitidJ.,  1885,  p.  87.     Ducheime  :  Brit.  Me<l.  Jourii.,  1867,  ii.  p.  r>41  ;  rrhf*,  An^lu 


gi^n,  de  mwL,  xi.  1868,  pp.  5,  170,  421,  552  ;  also  (F^ntli.  Aimt,),  (hr/i.  tK  hop.,  xlv. 
1872,  p.  634.  Fawsitt  (First  Stage) :  Lancet,  1887,  ii.  p.  758.  Gowers  I  Luiicct. 
1879,  ii.  ft,  1  (t  .'vq,  Handford  ;  Trans,  pAtli.  8ot%  LonH,,  xl  1888-8^,  p.  24. 
Jacobi  (Mftry  P.):  Syst.  Pract.  .Med.  [Pepi>er],  iv.  188«3,  p.  557  ;  a/$f>  (Microscoidcal 
Sludios  in),  loom.  J^erv.  ami  Ment.  Dia.^  xiv.  1887,  p.  577,  Middleton  ;  Glsisg. 
Mc*<i>  Jonrn,,  xxii,  1881,  p,  81;  limL,  xxix,  1888,  p.  52^5.  Nicholson  (in  Fonr 
Brothi^rs)  :  Liincet,  188&,  i.  p.  1081.  Preisz  (HistologiMl  Exanunalion) :  Arch,  t 
pHVfhiiit,,  XX.  1888-89,  p.  417.  Schultze  :  Arch.  f.  j^ath.  Aimt.,  xc.  1882,  p.  208. 
h  Brit.  Me'    '  


Suckling  (In  Adult): 


lied.  Jonrii.,  1884.  ii.  p.  21. 


Spastic  P.\ualysis. 

982.  The  lateral  pyramidal  tracts  *ire  sometimes  the  sulijoct  of  a 
primary  sclerosis.  The  condition  is  sjud  to  commence  in  a  destruction 
of  the  nerve  tnl»es^  the  tibrons  overgrowth  inking  superathk^d.  The 
chief  result  of  the  defect  is  a  pwiresis  or  weakening  of  the  liiiiLs,  com- 
bined -^Wth  spastic  contraction  of  the  mnscles. 

There  are  two  varieties  of  the  disease:  (1)  where  th*^  p3^ramidal 
tnicts  of  the  cord  are  alone  affected  ;  and  (2)  where  along  with  the 
sclerosis  of  the  pyramidal  tracts  there  is  moj'o  or  less  witlespread 
dostmction  of  the  trophic  ganglion  cells  in  the  anterior  horn  of  gray 
matter.  As  a  rule,  the  disease  in  l»oth  cases  is  symmetrical.  To 
the  former  the  name  primary  lateral  sclerosis  is  usually  given, 
to  the  Utter  that  of  amyotrophic  lateral  sclerosis, 

Ptire  primary  lateral  sclerosis  is  a  very  rare  diseiise  ;  only  a  few 
casefl  are  on  record  (see  Drcschfcld,  No.  5»  xv.  1880-81,  p.  510).  The 
chief  difference  l>etween  the  resulting  phenomena  of  the  two  lesions  is 
tluit^  in  the  former,  the  nourishment  of  the  muscles  is  retiiiived,  and 
the  Bjiastic  contractions  and  paresis  stand  out  as  the  most  striking 
feature;  while,  in  the  latter,  in  addition  to  the  sfmstic  paresis,  there 
is  marked  wasting  of  the  muscles  of  the  limhs. 

The  disease  in  both  cases  is  easily  diagnosed  from  locomotor  ataxia. 
It  m\ist  be  borne  in  mind,  however,  as  already  mentioned,  that  sclerosis 
of  the  iKjsterior  columns  is  occasionally  combined  with  a  sclerosis  of 
the  croesed  pyramidal  tract,  and  that  the  resulting  phenomena  in  this 
case  are  blendeii 

lifrmtitrr  tm  SjtdMflc  Parttfi/itiA. --Btnntti  (Sjiastie  ParAlysis) :  Lancet,  188<3,  i. 
p,  f  ^  *  r^rarcot :  Levins  svit  les  maladies  (!ii  svsti^me  nerveux,  1874,  p.  218  *i  ^q.  ; 
11/  w  Cases  with  P.  M.  Exam.),  Arcb.  in  Neurol.,  x.  18S.*>.  n,  168.     Colics 

(A:  ,     ■  I :  St.  lUrth.  Hoap.  Kep.,  xix.  1883,  p.  343.    C03Cwell(Ansy*4rophic') : 

Tr*ni*,  Path.  S*x^  Lond..  xxxv.  1883-84,  p.  42.     Debove  and  Gomhault  (Ainyo- 
tn)phic):  Arch,  de  physiol.  norm,  et  iwth.,  vi.  18711.  p.  751.     Dreachfeld  (Primary 
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Lftteral):  Journ.  Anat.  and  rhyaioL,  zt.  1880-Sl,  [>*  510.  £rb  (R«>UitiAtiiihi]i  to 
Tabw)  :  Arch,  f.  Pavchiat.,  viu  1876,  p.  2S8,  Fenier  (Amvotropbiej :  lancet, 
1881.  i  p.  822.  Furttner:  Neurol.  Ccntrnlbl,  riil  18Stf.  \*'  666,  Gorobault : 
fittide  snr  U  acl^roae  Ut^rale  ankjotrophique,  1877.  Oimerod  :  Hrmin«  ix,  ]SH(S*87, 
p.  t245.  Ri»se  f  Amyotrophic) :  Deut.  Art-h.  f,  kliii.  MtHi.,  ;%liv.  lHS?i^^9,  p,  WIS. 
ScbniAUs:  Deal.  Arcb,  f.  klin,  Mecl,  xlvi.  18.s9-i>0.  jk  113.  Shaw:  Hriiitol 
M»m}  -Ohir.  Journ,.  ii.  1884*  p.  270.  Stewart  (G.)  (Sjwnm<Klir  pAmti1«^Ai :  Tmn*. 
MckL  Chir.  Soc.,  tklin.,  riii,  18^8,  p.  18y.  Strumpell  tAniyotroPhici :  Anrli.  f. 
Psychiat,  xi.  IB80,  p.  fJ2  ;  also  (ArnTotTOphjcK  U^ut  Anh/ f.  klin.  Mwl..  ulii. 
18»7,  p.  230.  StickUnjT :  BriU  Mcfi/Journ.,  18Sa»  i  ju  *j:»2  ;  *i/*.  ^Corobmwi  IH*. 
of  Po<st.*£\t,  aud  Lat.  Traeta),  Lancet,  1^8(i,  t.  )i,  59*  Westphal  (Ainyotrophie) ; 
Ard*.  f.  pMythiaU.  xnL  1886,  p.  279- 
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Vw,  417.— Fmmavy  LAi%iihL  hcLtiitMii. 

I  at*  iMalid  la  Kbs  eroaMd  |if  nnOda)  tncU»    A  •malt  f^tch  l»  al«o  vliftkla  J 
Mfore«l«Biii(M50DUma..  mluetil-Wtfigtrt'*  IIirm»toTyl«>o«  Stoln^ 


Acute  Ascexiuno  Paiialvsis  {Landry's  raralym). 

983.  Defimttoa. — This  rtsnuirlcAye  dkeue  is  pardeukriaed  bjr 
on  aieiiuilii£^  //if/Avr  pttrah/nh,  Ay  /#»  oftnonvMl/iliii  (/  AmJaJm,  ami  hf 
kmmmiijf  nf  ik§  finders,  llii*  diseaae  may  end  fntaUy.  It  may  aba 
aonwtmei  paai  cfflT  wtLhout  leaving  any  permanent  ill  elfccts 

Its  pathology  i»  still  very  objure.  The  con!  hm  Imh'ij  c^^mined 
rGpcate<dly«  and  although  occaaionally  it  hnJi  W^n  fuiiml  tlii»iMistHl,  yet 
the  changoa  in  it   have    been  of  minor  itnjKirtAnce  and  inc^insUinL 
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They  do  not  explain  the  paralysis.  A  notion  now  prevalent  is  that  it 
is  caused  by  a  vegetable  toxin  secreted  by  a  microphyte.  The  toxin 
may  act  upon  the  peripheral  nerves  or  upon  the  cord  itself. 

Bamngarten  (No.  126,  1876,  referred  to  by  Nauwerck  and  Barth)  stated  that  the 
bacillus  of  anthrax  was  present  throughout  the  body  in  one  case,  and  that  it  was 
accompanied  by  a  hyaline  effusion  round  the  vessels  of  the  cord.  Curschmann  (also 
referred  to  by  same)  asserted  that  he  had  found  the  typhoid  bacillus  widespread 
throughout  the  body  in  another  case.  He  was  enabled  to  obtain  a  pure  culture  of 
the  bacillus  from  the  dorsal  and  cervical  cord. 

Literature  on  Acute  Ascending  Paralysis  {Landry* s  Paralysis), — Berardinone : 
Riforma  Med.,  Naples,  v.  1889,  pp.  729,  735.  Brown  :  Brain,  xiii.  1890-91,  p.  875. 
Buck:  Lancet,  1886,  u.  p.  12.  Carter:  Brit.  Med.  Journ.,  1890,  i.  p.  1127. 
Clark :  Lancet,  1884,  ii.  p.  1089.  Dejerine  :  Recherches  sur  les  lesions,  etc.,  dans 
la  paralysie  ascendante  aigue,  1879.  Dejerine  and  Goetz :  Arch,  de  physiol. 
norm,  et  path.,  iii.  1876,  p.  312.  Hoffmann:  Arch.  f.  Psychiat,  xv  1884,  p. 
140.  Tacobi:  Berl.  klin.  Wochnschr.,  xxi.  1884,  p.  311.  Kahler  and  Pick: 
Arch.  f.  Psychiat.,  x.  1880,  p.  313.  Klebs :  Deut  Med.  Wochnschr.,  January  15, 
1891.  Landry:  Traite  complet  des  paralysies,  1859  (tome  i.) ;  a/so,  Gaz.  hebd.  de 
med.,  vi.  1859,  pp.  472,  486.  Mann:  Med.  Chron.,  Manchester,  vi.  1887,  p.  99. 
Nauwerck  and  Barth  (Path.  Anat.):  Beitr.  z.  path.  Anat.,  u.  z.  allg.  Path., 
Zie^er,  v.  1889,  p.  1.  Pitres  and  Vaillard :  Arch,  de  pli3rsiol.  norm,  et  path., 
iz.  1887,  p.  149.  Schulz  and  Schultze:  Arch.  f.  Psychiat.,  xii.  1881,  p.  457. 
Scfawarts:  Wien.  med.  Bl.,  x.  1887,  p.  249.  Wcbcr:  Journ.  Nerv.  and  Ment. 
Dis.,  N.  Y.,  X.  1885,  p.  442.     Westphal :  Arch.  f.  Psychiat.,  vi.  1875-76,  p.  765. 


Reflex  Paralysis. 

984.  Definition. — True  reflex  paralysis  consists  in  a  more  or  less 
compute  paralysis  of  motion^  generally  confined  to  one  or  both  of  the  lotoer 
exiremiiieSy  and  caused  by  some  peripheral  irritation  acting  reflexly  upon 
the  spinal  cord,  or  perhaps  more  especially  upon  its  blood-vessels. 

Its  Pathology.  —  The  peripheral  exciting  causes  are  usually 
some  affection  of  the  skin,  uterus,  intestine,  or  bladder,  and  the  most 
h'kely  explanation  of  the  occurrence  of  the  paralysis  is  that  a  stimulus 
from  these  diseased  organs  is  conveyed  to  the  blood-vessels  of  the 
cord  and  causes  a  contraction  of  their  channels,  with  consequent 
anaemia  of  the  parts  irrigated  by  them.  Brown-Sequard  stated  that 
he  saw  the  vessels  of  the  spinal  pia  mater  on  one  side  contract  when 
the  kidney  or  supra-renal  capsules  were  encircled  by  a  ligature  or 
otherwise  irritated. 

Urinary  Paraplegia. 

985.  This  is  often  mistaken  for  reflex  paralysis,  although  the 
fiathology  of  the  two  diseases  seems  to  be  distinct  and  unrelated.  In 
the  former,  a  lesion  of  the  cord  is  never  found,  in  the  latter,  such  has 
been  discovered  in  several  instances. 

Vital  Phenomena* — The  patient,  who  is  almost  always  a  male, 
is  generally  in  middle  life  and  has  quite  likely  been  suflering  for  some 


V\hi    ul    A.MLUu  i.J..£_LjLt  CuUM3C  rKQIC  LOVXK   Do«ai4t 
KKniotc  (>  40  1>IAM».) 

LlAriflol). 

nmy  ftften^unis  iinioiint  to  complete  fmralysis.     It  is  confined,  however,  | 
tci  tho  lr»wor  extiTTiiitirs.      ITie  ili»eA8e  very  often  emls  fiiUiUy, 

Its  Pathology.— rinll  (see  HiHIiogO  first  ilenioiiKtrtttotl  the  true] 
rmiure  of    the  disejLs^v      In   all    the   ciises   in   which    he   ohtainefl  all  I 
imopfty  h<5  foiniil  ihut  there  was  sup|mrative  diftorgaiiiwtitm  of  tha 
The  ftupiuiration  ajipmrod  to  have  l>eeii  jiropAgatetl  along  the  , 
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TODS  Ifadiiig  from  the  pelvis  and  which  anastomose  with  the  vertebral 
veins  in  tlie  lower  dorsal  and  lumbar  regions^  The  vertebral  veins 
in  some  instances  were  filled  with  pus. 

A  case  supporting  the  above  notion  of  the  organic  and  probably 
septic  nannre  of  the  disease  was  published  by  the  author  (Na  148, 
IviL  1876,  pt  440)  a  good  many  years  ago.  The  autopsy  revealed 
thromboas  of  the  veins  of  the  cord,  together  with  apoplexies  and 
disorguikatioD  of  the  cord  itself  (Fig.  478).  The  area  of  the  cord 
affected  was  extensive,  but  the  morbid  appearance  was  most  evident 
in  the  himl»r  and  lower  dorsal  regions. 

Litemhar  on  ReJUx  Paralysis  and  rrinnn/  P(iEni;>/^m.— Annandale :  Edin. 
Med.  Joom.,  xxiiL  1877-78,  p.  847.  Bradley  (Urethril) :  X.  Y.  Med.  Rec.,  x. 
l97d,  n,  35«.  Driitoiie  :  Brit.  Med.  Joam.,  1872.  L  p.  610.  Charcot :  Allg.  Wien. 
med.  Ztg..  xriL  1872,  pp.  557,  574,  591.  Gull :  Med.-Chir.  Trans.,  xxxix.  1855-56, 
n.  195  ;  aim.  Gay's  Hosp.  Rep.,  viL  1861,  p.  313.  Hamilton  :  Brit,  and  For.  Med.- 
Chir.  Err..  IriL  1876,  pi  440.  Jooes:  Practitioner,  xii.  1874.  p.  170.  Lejden: 
>SMninlnng  kluL  Vortr.,  1870,  No.  2  {Innere  Med..  No.  i;,  1-22.  Mitchell,  Moore- 
houe,  wad  Keen:  Circular.  No.  6,  Siirgeon-Geneial's  Office,  Washington,  1864. 
Notfaiii^C<d:  Aich.  f.  PSTchiat.,  yi   1875-76,  pc  332.     Oj^le :  J^ancet,   1862,  i.  p. 

Med. 


315.  PoiBwrr :  Zar  Lehre  v.  d.  Paraplegia  urinaria,  1862.  Sayre  :  Phila. 
rnnea,  xiii.  1882-83,  p.  123.  Starr  (Reflex  Neuroses  :  Meil.  News,  Phila.,  Ivi.  1890. 
^  299.  Treab:  Arch.  f.  exner.  Path.  u.  PharmakoL,  x.  1878-79,  p.  398.  Wood- 
wvd  (Reflex  Neiiroeea) :  Med.  Rec.,  N.  Y.,  xxxvii.  1890,  i».  81. 

Chorea. 

986.  There  is  no  denying  the  fact  that,  voluminous  as  the 
literature  on  the  subject  may  be,  we  know  practically  nothing  of  the 
pathologj  of  this  disease.  Elmbolism  of  the  capillaries  of  the  brain, 
thrombosis  of  cerebral  and  spinal  blood-vessels,  congestion  and  what 
not  of  those  of  the  basal  ganglia,  together  with  softenings  of  the  conl 
and  swelling  of  its  ganglion  cells,  have  each  done  duty  as  a  basis  to 
foand  a  pathology  upon.  It  only  requires  to  be  said  that  all  of  them 
have  been  duly  weighed  and  found  wanting. 

Lilnniun  tm  CKor^n.—BmsdMn  :  Brit.  Med.  Joum.,  1877,  i.  p|».  36,  65.  Broad- 
bent:  Brit.  Med.  Joam.,  1869,  i.  p.  345.  Dana  (Path.  .\nat.  :  Brain,  xiii.  1890, 
p.  71.  DiddBSOo:  Med.-Chir.  Trans.,  lix.  1876,  \k  1.  Elischer  Chorda  Minor  : 
Arch.  f.  path-  Anat.,  IxL  1874,  p.  485.  Hanford :  Brain,  xii.  1S89,  p.  129.  Hoff- 
naim :  Arch.  f.  path.  .Anat..  cxi.  1888,  p.  513.  Haber  .  Hen>ditar>-  :  Anh.  f.  path. 
.\nat.,  cviiL  18S7,  p.  267.  H.  Jackson  (Embolic  Theory  :  Brit.  Med.  Joum.. 
1876,  ii  p.  813.  Kirkes :  Lontl.  Med.  Gaz.,  xi.  1850.  p.  1004  :  a/,*),  Meil.  Times  and 
Gaz.,  1868,  p.  677.  Mackenzie  (Emlwlic  Theory  :  Brit.  Med.  Jouni..  1876,  ii.  p. 
814.  Tait  fin  Pregnancy  :  r>ul».  Quart.  Joufn.  Me*l.  So.,  xlv.  1868.  p.  203. 
Wilks:  Med.  Times  and  Gaz.,  1869.  i.  p.  135. 

Simple  and  Multiple  Neuritis. 

987.  Inflammation  of  a  single  nerve  or  of  several  nerves  supply- 
ing, Bay  a  limh,  may  be  the  result  of  injury  or  septic  infection. 
When  septic  it  usually  has  a  suppurative  tendency,  and  the  pus 
spreads  along  the  course  of  the  nerve.  In  some  forms  of  neuritis  the 
lesion   takes   on   a   sclerotic   character.       New   cicatricial    tissue    is 
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deposited  between  the  nerve  fibres,  which  iu  time  contractft  upon  ihma 
and  brings  about  their  destruction.  To  all  such  caaes  the  Krm 
simple  neuritis  is  a|>plied. 

There  exi:*U  a  condition  of  the  nerve«,  however,  Uftually  regarded 
ftfi  a  neuritis,  in  which  several  nerves  are  simtiltiineouftly  and,  as  a 
rule,  symmetrically  involved.  The  fie.ripheral  ends  of  the  nerve#^ 
moreover,  are  more  im[)Iie4ited  than  the  part^  which  are  more  centimL 
The  terms  peripheral  paralysis  or  multiple  neuritis  are  accord- 
ingly ai»plied  to  it.  Tlie  paralysis  is  not  always  complete  j  it  may 
amount  to  nothing  more  than  a  paresis.  The  imralysia,  moreover, 
spreads  from  below  upwards  and  somewhat  resembles  that  t>f  acute 
ascending  i^dsy.  The  various  sensibilities  ^ill  Ik?  found,  however,  to 
have  detcritirated  more  or  less,  %vhil«  in  I^ntlry's  jKimlysis  sensitioii 
is  usually  sfmred.  In  its  commencement  and  progress  the  disease  is 
markedly  bilateral,  and  as  a  rule  it  is  recovered  from. 

In  cases  where  an  examination  of  the  nerves  has  been  obtained 
their  j.wripheral  extremities  have  l»cen  found  extensively  diseased. 

In  a  typical  case  published  by  Stewart  (Nii»  19,  xxvi,  1881,  p, 
SB'i)  the  nuthor  examined  the  jiart*'  after  ileath  and  found  that  Uie 
brain  was  quite  sound,  Init  that  the  jjeHphenil  extremities  of  the 
nene*  leading  to  the  hands  and  feet  were  profoundly  altered,  li 
was  thought  that  in  the  cervical  and  lumbar  enlargements  the  tracts  of 
Goli  and  the  at$cending  cerebellar  tracts  were  perhaps  a  littJc  more 
distinct  than  usual.  There  was  not,  however,  any  disintegration  of 
the  cord  which  could  be  reganied  as  primary. 

(>f  all  the  nen^e  tnmks  affected,  the  median,  ubiar,  and  tibial  had 
iuffered  most,  I^ooked  at  with  a  low  power,  on  frans verse  section, 
certiiin  bundles  of  fibres  seemed  to  be  totally,  others  only  (itirtiaJly 
destroyed.  In  the  ulnars  the  degeneration  was  less  evident  than  in 
the  meiliansi.  Indtied  in  the  medians  there  wa^  hardly  a  single  intact 
liundlc  of  fibres. 

The  degeneration  commenced  by  a  swelling  and  contraction  of  the 
axis-cy Under.  The  swollen  portions  then  separated  and  subsequently 
underwent  fatty  degeneration.  The  destniction  wa*  at  iu  extreme 
in  the  smallest  sulxltvisifms  of  the  nerves;  it  ceased  at  a  point 
immetliately  l>elow  the  bnichial  plexus. 

The  most  likely  explanation  of  the  recovery  which  so  frequently 
takcit  place  is  probably  that  the  continuity  of  the  nerve  up  to  its  peri- 
pheral ditttribution  is  re-established  by  the  axis  cylinders  of  the  proximal 
end  being  puihed  into  the  disttsod  peripheral  jjart  of  the  sheatk 

These  ciLses  are  oft^^n  without  assignable  cause.  In  Rtmie  instancee 
the  neuritis  appears  U^  be  the  result  of  chronic  alcoholism.  Tbe 
panil>*si8  following  diphtheria  has  alrejidy  been  deseribed  (p.  24) 
as  owing  to  a  pen[)})«-nd  ihtvc  affection  of  the  same  kind;  and  that 
accomfianying  lead  and  arsenical  poisoning  seeniH  to  Vh?  due  to  t\m 
same  cause.  The  disease  known  au  Kak-Ke  oi  Beri-Beri  manifeeli 
itself  chiefly  as  a  peripheral  neuritis. 
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AfHecVs   cane*    found    evidence    of    neuritU   with    subsocjuent 
degeneration  of  many  of  the  nerve  bundles  (Fig.  479).     The  dis«*A8c 
the  nerve  is  supposed  to  intkieiiee   the  bloc»d  circulation  UKrally,  nnd 
thus  to  deprive  the  part  of  its  proper  nutrition  ;  hence  the  sloughs. 


It    fatt:^^^ 

dlv.  and       ^ 
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(New  Staining  Method):  Arch.  f.  Physiol.,  1889,  p.  537.  Freud  (New  Method  of 
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CHAPTER    LXXXVI 

THE   THYROID   GLAND,    SUPRA-RENAL    CAPSULES, 
AND    SPLEEN 

Thyroid  Gland. 

989.  The  thyroid,  like  the  supra-renal  capsules,  the  pituitary 
body,  and  some  other  allied  structures,  is  unprovided  with  a  duct. 
Originally  this  does  not  seem  to  have  been  the  case.  The  central  lobe 
appears  to  have  been  furnished  with  a  duct,  which  opened  on  the 
dorsum  of  the  tongue  at  the  foramen  caecum.  The  lateral  lobes  are 
developed  from  one  (the  fourth)  of  the  branchial  clefts  (Steida,  No. 
608),  and  may  be  regarded  as  having  been  primitively  racemose 
diverticula  of  the  pharynx,  with  alveolar  terminal  pouches.  No  doubt 
their  function  was  that  of  mucus-secreting  organs.  All  trace  of  the 
thyro-glossal  duct  has  usually  vanished  in  Man,  although  now  and 
again  it  remains  persistent.  The  middle  lobe  has  dwindled  down  into 
the  isthmus  and  the  occasional  pyramidal  lobe.  The  alveoli  of  the 
lateral  lobes  have  become  shut  sacs,  the  thyroid  vesicles.  These 
vesicles  still  retain  their  glandular  character  in  the  fact  that  they  are 
lined  with  epithelium  and  secrete  an  albuminous  colloid  substance. 
The  secretion,  however,  is  no  longer  poiu-ed  into  the  pharynx,  as  it  was 
originally,  but  is  removed  by  the  lymphatics  of  the  organ  and  those 
surrounding  it.  If  the  gland  be  squeezed  the  secretion  can  be  forced 
into  these. 

Its  functions  for  long  remained  a  mystery.  It  used  to  be  classed 
among  the  blood-forming  glands. 

That  it  takes  any  part  in  regenerating  blood  corpuscles  may  be  doubted. 
Horsley  (No.  6,  1885,  i.  p.  211)  adheres  to  the  view  that  it  does.  He  supposes  the 
gland  to  consist  of  two  elements,  the  one  glandular  and  secreting  a  mucoid  substance 
within  highly  vascular  acini,  the  other  made  up  of  vascular  lymphoid  nodules 
having  a  hematogenous  function.  He  founds  the  notion  of  its  being  a  haematogenous 
gland  upon  the  fact  that  when  excised  in  animals  decrease  in  the  number  of  coloured 
and  increase  in  that  of  the  colourless  corpuscles  takes  place. 
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770    THYHOW  GLAND,  SUPRARENAL  CAPSULES,  SPLEEN  pr.  in] 

This  mucli  limy  be  said  at  the  prei^erit  tlay  regarding  its  functions, 
immely,  that  from  being  supposed  to  b€  comjmratively  inert  it  hms 
groMTi  to  1k'  considered  sis  of  the  greatest  iniportiineo  in   the  tiutin-  m 
teoance  of  hcHlth,     It  receives  an  abundant  blix>d- supply,  n  fact  which  ^ 
goat  to  strengthen  this  view. 

The  peritxl  of  gicatest  functional  activity  of  the  thyroid,  M  with 
the  aupnt-renals,  is  in  youth.     It  is  secreting  lH*fure  birlh,  m\d  con-  ■ 
iiimee  jwrtive  until  the  vita!  procesaea  generaUy  l>egin  to  decay.     ItM  ■ 
ATttficiiLl  reimuiil  i*  attended  liy  much  more  Berioiw  consaquenoos  in 
early  youth  than  in  adult  age. 


Effcd  ttf  Removal  of  ike  Thynnd  in  the  lower  Jnhmils  and  in  Man, 

Numerous  experiments  made  u|K)n  the  Continent,  and  mor«  par- 
ticuhirly  thoi*e  of  Sehift'  (No,    104,  xviii.    1S84,  p,  25),   ha<l  pmveil 
some  years  ago  that  rem<tml  of  th^  tjhml  in  auiuuih  induces  a  peculiar 
train    of    nervous    and    other    tiyniptoms    known    as    the    cachexia 
strumipriva  or   thyroidectomica,   and   chaiact^ri»ed   by  mental  | 
hel>etuik%  general  nervuu8  dinturbance,  tremors,    paroxyamal  cODVul- 
aions,  functional  |xiralyi*is,  antl  tinally  complete  ind>eeility,     Horsley 
(No.    G,    IS85,   i.    p.    IM!  1 )    h;w  iv|H'at4?d   these    experiment*   in    thi^  ] 
country,  and.  in   iirldiiion    U»   verifying  what  was  allegecl   to   occiu*, 
has  demonstrated   that^  when    the    thyroid    is   excised   in   monkeys, 
an  accumuh*tif)n   of    mucin    takes    place   in   the   blood  and  in   thoao  i 
tissues  which  uomially  contain  it ;  that  great  activity  is  notired  in  | 
mucin -secreting  glands;  and  that  the  muciii-secrcting  power  of  the 
parotid  under  these  circumstances  becomes  augmented. 

The  blood  also  suffers  profound  changes,  These^  ti&  summariMd 
by  Horsley  (No.  6,  18*J2,  i.  p.  21C).  are  as  follows:  (a)  increased 
venosity  j  {b)  great  diminution  in  the  amount  of  contained  oxygen, 
which  in  the  arterial  blood  may  fall  U^low  the  normal  proportion  in 
the  veins ;  {*)  the  presence  of  abnormal  constituents,  and  moro  par- 
ticularly mucin  in  the  plasma. 

Respiration,  as  might  be  exf jected  from  the  state  of  the  bloody  U  j 
laboured.       This   is   most   likely  caused    by  the    de|)re«siuii    of   the 
respinitory  centre^  owing  to  the  general  lowering  of  metabolism,  aa  ] 
well  as  to  the  dircKrt  toxic  influence  of  the  altered  blood. 

All  flesh-eating  animals  aro  subject  to  the  eaehejoa,  but  the  monkey  j 
and  Man  more  than  any  others. 

Reimtrtd  tf  thf  ihtfnml  in  }hn  has  lKH*n  s<i  nften  rcsort^nl  to  of  late 
in  cases  of  goitrous  or  other  dise;yK%  thjit  iu  effects  are  well  known. 
When  the  removal  is  complete  they  seem  to  cone^iiond  closely  with 
what  luis  been  noted  in  animals.     Keverdin  of  Geneva  and  Kocher  of  1 
Berne  (No.  9*2,  xxix*  1883,  p.  254)  have  recorded  many  cases  of  thiil 
leind^   and    in    this  country  a  very  good  description  of   the  usual  f 
phenomena  which  follow  the  oi>cratiQn  ha^  been  given  by  Gordon ; 
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Stakes  (see  Bibliog.).  Without  going  into  details,  suffice  it  to  say 
that  they  closely  resemble  those  of  myxoedema  {q>v,). 

It  has  been  attempted  (Fuhr,  No.  104,  xxi.  1886,  p.  387,  and 
others)  to  explain  the  mental  peculiarities  following  excision  of  the 
gland  on  the  supposition  that  the  operation  also  necessitates  the 
removal  of  the  apparatus  (nerves)  for  the  regulation  of  the  blood 
pressure  in  the  brain.  This  theory  has  been  utterly  disproved  by 
later  experience.  The  close  resemblance  between  the  phenomena 
following  excision  of  the  gland  and  those  characteristic  of  myxoedema 
seems  to  point  to  the  thyroid  as  having  the  power  of  removing  or 
destroying  mucin  and  other  products  of  metabolism  which,  if  not  thus 
disposed  of,  tend  to  accumulate  in  different  parts  of  the  body,  and  to 
act  injuriously  upon  it  There  are  two  theories  as  to  how  this  is 
accomplished :  either  that  the  gland  discharges  something  into  the 
circulation  which  is  necessary  for  the  maintenance  of  a  proper  com- 
position of  the  blood ;  or  that  its  secretion  prevents  autointoxication 
by  transforming  the  poisonous  products  of  tissue-change  into  those 
which  are  harmless  and  easily  eliminated,  or  by  neutralising  them. 

That  the  gland  acts  by  destroying  products  of  metabolism  seems 
all  the  more  likely  from  the  fact  that  when,  previous  to  the  removal 
of  the  thyroid,  a  piece  of  thyroid  from  another  animal  is  artificially 
tntnsplantetl  into  the  subcutaneous  tissues,  or  into  the  peritoneal  cavity, 
the  mal-effects  of  removal  of  the  gland,  as  shown  originally  by  SchifF, 
are  warded  off  or  gi^eatly  ameliorated.  The  piece  of  gland,  if  carefully 
transplanted,  becomes  vascularised,  and  if  it  dies  and  is  absorbed  no 
benefit  is  experienced.  Very  much  the  same  influence  is  exerted  by 
the  piece  of  transplanted  thyroid  as  follows  upon  transplantation  of 
a  piece  of  pancreas  in  an  animal  suffering  from  diabetes  the  result  of 
excision  of  the  pancreas  (Sect.  878). 

Myxcedema. 

990.  Historical. — At  a  meeting  of  the  Clinical  Society  of  London 
the  late  Sir  W.  Gull  (No.  293,  vii.  1879,  p.  180)  described  two  cases 
of  what  he  named  "a  cretinoid  state  supervening  in  adult  life  in 
women."  The  narration  of  these  cases  recalled  to  memory  others 
which  had  come  under  the  observation  of  those  present,  but  whose 
nature  had  not  been  recognised.  Ord  (No.  293,  xiii.  1880,  p.  17) 
subsequently  gave  the  disease  the  name  "  Myxoedema,"  and  showed 
that  the  "  mucin-yielding  interstitial  element "  throughout  the  body 
was  everywhere  in  excess.  Since  then  the  disease  has  been  universally 
recognised. 

General  Phenomena. — A  large  proportion  of  cases  occur  in  the 
female  sex ;  the  disease,  however,  has  also  been  observed  in  the  male. 
It  is  rarely  that  it  becomes  manifest  before  adult  life  has  been  reached ; 
sometimes,  however,  it  shows  in  infancy  or  early  childhood.  Up  to 
the  time  of  advent  of  the  symptoms  nothing  peculiar  mentally  is 
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noticed     On  the  eoiitniry,  some  of  i\n.*r>\^  nt tacked  have  heon  lirighi 
and  intelligent.     The  tinst  sign  of  the  affection  ia  usimlly  a  swelling  of 
the  face,  more  |>{irtifularly  *>f  the  eyelids,  a  swelling  which  is  frequently  M 
mistaken  for  dropsy  from  kidiioy  disea-He.     The  swelling,  however,  dorn  V 
not  pit  on  pressure.     So  gi-eat  does  it  l>eeonie  thjii  a  previously  wrll 
^ijsaged  woman  may  liecome  a  somewliat  hideous  ohjeel  to  lo<ik  n[Min* 
The  skin  also  loses  its  natiiml  lustre  and  becomes  more  or  le>ss  waxlike  ; 
it  may  l»e  dry  and  scurfy  or  hioge  aiui  wntikled.     A  bright  rote  spot 
is  often  seen  on  each  cheek. 

The  sulKnjtancons  swelling  nls«t  alfectii  nther  jiarts  of  the  bodi*. 
Thus  under  the  chin  and  on  the  hurids  there  is  the  same  c^demadike 
appearance,  although  in  these  regions,  as  in  the  face,  the  swnllen  |iwrt 
does  not  pit  oti  pressiu'e.  (tull  described  the  hand  as  assuming  a 
**  8|)iadedike '*  ajj^Kvimnce.  The  fingei'H  l»ecome  thickeneii  and  the  skin 
ftt  the  mme  time  han^h  and  dry.  The  extremities  often  show  signs  of 
congestion  and  are  blue  and  cold.  Tlie  tongue  may  l>o  so  swollen  as 
to  protrude  to  tht'  half  i*f  its  extent  from  the  nnuith  even  after  death. 

With  ihit  ail  vent  of  the  j^uIicu  tan  eons  swelling  certain  nerrooa 
phenomena  sujiervene.  The  individual  beconjes  dull,  listless,  uncofi-  ■ 
cerneil ;  the  expression  is  placid  ;  there  are  signs  of  great  mental)  hidir- 
tude ;  and  the  H{>et*eh  assumes  a  jieculiarly  slow.  monoUmtais,  and 
delilH'rate  chMracter,  with  a  certain  amount  of  blurring,  as  if  the 
inilividual  held  sonu^thing  in  the  mouth.  Hearing  and  smell  may  Iw 
inifxiireit,  and  the  individual  be  drowsy  or  inclined  to  sleep.  Symptoms 
of  iml»ecility  show  themselves  later  on.  It  should  Ikj  noted,  however, 
that  the  nervous  phen*»mena  are  sometimes  ill  marked  or  al)«ent. 

The  hair  tend*  to  fall  ntf,  sjiecially  along  the  middle  jmitition  of 
the  hc.id,  and  fr<»m  the  axillie,  sometimes  alsn  from  thi'  puU'S,  Tlic 
denudecl  .scalp  asKumes  a  blanched  scidy  a[){a*ii ranee,  or  an  actiml 
eciiematous  eniption  may  Imj  found  upon  it^ 

On  cutting  intti  the  tmniil  pfiria  they  are  seen  to  l>e  occtapit*fl  l»y 
salfcutjuteons  fat,  which   has  a   |>eculiarly  bright  yellow   colour  and 
gelatinoas  appejimnce,  reaend>ling  that  of  the  suljcutaneotis  fat  tijtauc 
in  the  young  fcetus.     The  skin  itself,  so  far  as  rine  can  judge  with  the  ^ 
naked  eye,  does  not  seem   much  altrre<l.     The  thickening  does  not  ^ 
Sect  it,     7*he  bcKly,  g«*ncnilly,  shows  a  eojiniilrndib*  fpiantity  of  imt 

ac,  but  otherwise  is  oft(»n  p*M»rly  nourished, 

Aftrr  death  the  tong^ie  may  l>e  found  to  lie  double  its  mttuml  ■ 
iifL     The  musclt*  Ims  the  gniyi«h-brown  amemic  as|K?ct  of  the  ailduetnr 
Biisclrs  of  the  thigh^  or  of  the  Hat  muscles  of  the  alxlomen  in  typhoid 
fever.     The  Kbre.*^  have  alno  a  glistening  afipeamnce,  m  if  intiltnited 
with  some  gelatinous  i^ubstance. 

Small  mucous  cyst*  arc  occjisionally  met  with  ufK»n  the  mueoiis 
membranes  of  the  cervix  uteri  and  bladder.  The  mucous  mcmbnne 
of  the  stomach  may  W  thickened  anil  have  the  same  ghissy  ap|iciiirAncc 
as  tho  nthnr  parts  HtfiM  IimI. 

The   supra -renal  capsules  may  W  prtieularly  small  ami 
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shrunken.  On  cutting  into  them  the  whole  interior  ^nll  probably  be 
found  softened,  and  the  gland,  as  in  the  case  of  the  thyroid,  entirely 
destroyed.  Nothing  perhaps  remains  but  the  caj^sule  and  a  little 
pultaceous  material  of  a  brownish-red  colour. 

Ord  {loc,  cU.)  states  that  he  found  a  massive  tlnckening  of  the  coats  of  the 
arteries,  more  esi)ecially  of  the  tunica  adventitia,  in  the  organs  and  tissues  of  the 
IxKly  generally.  The  nuclei  of  the  adventitia  were  increased  in  number,  and  there 
was  said  to  be  a  diminution  in  the  size  of  the  channel  of  the  vessel.  Everywhere 
the  connective  tissues  approached  in  appearance  the  mucin -yielding  umbilical  cord. 
The  difficulty  in  regulating  the  muscles  for  combined  movements  so  often  noticed, 
he  believes,  is  probably  caused  by  the  excess  of  mucoid  tissue  lying  around  them. 

The  thyroid,  in  nearly  all  advanced  cases,  has  l>een  found  wasted, 
80  wasted  as  to  be  almost  unrecognisable.  In  one  instance  of  the 
disease  examined  by  the  author  nothing  but  the  capsule  and  interstitial 
stroma  seemed  to  have  been  left  Sometimes  it  has  been  the  seat  of 
a  new  growth.  Still  it  should  be  remembered  that  instances  of  almost 
complete  destruction  of  the  gland  have  been  recorded  without  symptoms 
of  myxoedema  (see  Hale  White,  No.  6,  1888,  i.  p,  587).  Collateral 
circumstances,  such  as  the  presence  of  accessory  thyroids,  may  perhaps 
account  for  this. 

The  Committee  appointed  by  the  Clinical  Society  of  London  (No.  293,  suppl. 
vol.  1888)  reported  as  the  result  of  the  microscopic  examination  of  the  gland  that  a 
delicate  fibrous  tissue  invades  it  and  replaces  the  gland  tissue  proi>er.  The  condition 
commences  in  a  small-cell  infiltration  of  the  walls  of  the  vesicles,  and  this  is  soon 
followed  by  proliferation  in  the  vesicles  themselves.  The  vesicles  in  time  vanish  or 
are  represented  by  clumps  of  small  round  cells,  while  the  fibrous  tissue  increases  in 
quantity. 

Treatment  by  Transplantation  and  by  supplying  Thyroid 
Secretion. — The  most  remarkable  circumstance  connected  with  this 
disease  is  the  fact  discovered  of  late  that  it  can  be  ameliorated  or 
eradicated  by  supplying  the  secretion  of  the  thyroid  gland  artificially. 
The  ix)88ibility  of  such  a  thing  was  suggested  by  Schiffs  discovery, 
previously  alluded  to  (p.  771),  that  the  disastrous  effects  following 
removal  of  the  thyroid  in  animals  can  be  warded  off  by  the  trans- 
plantation of  a  piece  of  the  gland  from  a  fresh  host. 

Pieces  of  the  gland  from  the  sheep  (see  Gibson's  case,  No.  6,  i. 
1893,  p.  58)  have  been  transplanted  into  the  subcutiineous  areolar 
tissues,  or  have  been  stitched  into  the  wall  of  the  peritoneum,  with 
the  result  that  they  have  taken  root  and  lived.  In  course  of  time  a 
marked  amelioration  of  the  symptoms,  if  not  a  perfect  recovery  from  the 
disease,  ensued. 

More  lately,  however,  it  has  been  found  that  the  sul^cutaneous 
injection  of  a  glycerine  extract  of  the  thyroid  of  the  sheep  has  very 
much  the  same  beneficial  effect. 
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The  extnict,  accorcling  to  Miirniv's  recfj|it  (No.  6,  1891,  ii  p.  797), 
is  made  in  the  followiu;^;  iruuuu'f  i — - 

"The  lohe  of  tho  tbyroiM  gUnd  of  n  ahettp  la  removed  ts  aoon  as  fioMibb  tkfUt 
the  Ukitiuil  tms  been  killod.  Tbo  aitrrounding  r«t  and  coniioctivc  tiaiue  arc  rcjuored 
from  It  All  tbe  iustniin^nU  fttid  gluss  Tesaels  uiod  in  tbi«  further  prri«natioD  of 
tbo  extract  nbould  \te  eitlier  vliTiliMHl  by  beat  or  tborongbly  cUwu«vd  witb  a  1  la  90 
iolution  of  cArbolii^  Acid.  Tho  gland  m  out  ti]>  on  a  gljun  difth  into  iiDAll  pieces.  And 
then  placed  in  a  test  tube  with  1  oubic  centimetre  of  purr  g1}T«nne  and  1  cubie 
centimetre  of  a  0'5  jwr  cent  solution  of  carbolic  acid.  Tlio  montb  of  the  tube  ii* 
tlostHl  viitli  A  plug  of  cotton  wool,  aiid  the  mixture  allowixi  to  atand  in  a  ctnA  pUu-o 
for  twcuty-four  hours.  The  miituro  is  then  placed  in  a  fino  handkerchief  which 
hAs  prcviouiily  been  piaecd  for  a  few  mintites  in  boiling  water.  It  is  then  firmly 
iHpteezeii  by  wrrwing  up  tbp  handkerchief  bo  as  to  exprvw  a>«  much  li«|Uid  » 
]H»KHiTOf^  thruu^h  the  hjitidknTt'hicf.  By  this  means  8  cubie  cfntinvi^rrf^s  (fjO  mtntntu) 
i»f  A  turbid  pink  Ht|uitl  mm  obUintMl.  Thin  pre^iAFntiott,  which  will  krep  quite  frr^h 
for  at  leojit  A  week,  should  be  kept  in  a  small  bottle  with  a  glaaa  stopper.  It  is 
bevt  to  make  the  extract  fit^sh  each  week,  «o  nn  to  aTuiil  any  risk  of  putrpfactioci 
Uking  place,  Thit*  rx tract  may  l>e  given  in  two  equal  injeetionM  of  1*6  mbin 
eentimiHro  {2tt  minima)  each  duriiig  the  werk,  so  that  at  (^r»t  the  jiatient  rAorifw 
the  extract  of  one  lobe  of  a  aheep^s  thyroid  in  the  course  of  each  week*  After  a 
time  the  injections  uee<l  not  be  ma^le  m  frequently.  The  itgeetions  am  tftxle  with 
All  onltnary  hy]>odeniitc  syringe,  vrhich  im  carvfully  waahed  out  with  a  ]  to  S!0 
•olntion  of  oArbolic  acid  both  tiefore  And  after  the  ii^ection  is  mAde.  Th9  loOM 
skin  of  the  back,  between  the  shoulder  bladeft,  is  a  convenient  sitUAtion  in  whlcli  to 
m*ke  the  injection/' 

Nat  only  nmy  thi*  t\\trnct  Ik*  intnKhicnl  into  the  systtrni  hy  stibcii- 
taiieuiis  injecticitj,  l»ui  ii  Hp|ifiii-8  to  be  iilso  efliau!iouj§  wheti  exhibitc^l 
jj^r  ui,  A  fnvouniMi^  rvmh  follows,  nlthough  not  with  Mich  ctTltttnty, 
when   the   thyroiii,  |»urtuilly  cook^nl,  ihs   usod   us  iaod^  or  whim  it  is 

luiiriisterftl  in  th«  form  of  |>o\v(k'i\ 

The  improvement  begins  to  show  itself  booh  after  the  treatment  in 
commenced,  at  first  by  a  diminution  of  tho  celhilar  tisnuc  swelling,  and 
iter  on  by  nn  inijirovoment  in  the  intelligence  ami  gencml  mental 

libre  of  the  person.  A  fresh  crop  of  h;iir  shows  itself  on  tho  scalp ; 
nien^tnuition,  which  usually  ct^nst***  ilurinj:  th<»  jin>gre?iR  of  the  disrjiae!, 
reiunis ;  und  tbu  general  widfare  **i  tlie  jHilicnt  iniproveH  ko  much  thjil 
in  many  ai&es  a  |>erfect  recovery  may  b<?  smid  to  have  boc^u  obtnjiiiHl. 
In  other  ea^es.  although  recovery  nmy  not  have  l»<*en  cotnfdete,  so  much 
improvement  ha:^  taken  place  that  the  indi vidua!  ha^  been  enabled  to 

f  about  tingwirded  and  to  follow  some  avocation. 

AcnouKniKLY. 

90 1.  The  distea»c   **  Acromegaly  "   (Marie,  No.  521,  xii.  1890,  pw] 
50)  boars  a  certain  resemblance  in  nmny  of  its  [ihenomeua  to  mjx- 
oodema,  butap|Mvrently  ilit^VrB  from  it  in  the  prenervntion  of  the  th}Tt»id  I 
gland  and  in  the  ali^enee  of  the  mtieold  intillnirion  of  the  titties,      It 
iSf  however,  fre<pjently  mistaken  for   myxa*dema.       The   hands  and  j 
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of  huge  dimensions ;   the  nose  and  lower  lip  are  similarly 
the  tongue  h  very  large,  long,  and  dense ;   and  the  neck  is. 

mod  sbort 

Thfb  most  oolahle  positive  phenomenon  is  ihr  tp-eai  size  of  the  hmidji 
IfttL     Tim  i»  a<X|iured  not  congenital  in  its  origin.     The  mental 

I  vte  often  well  preserved.    There  is  an  absence  of  that  mental 

I  m  ehaneteristic  of  myxcedenui.     The  f)atient  later  on  falls 


ttu.  4j^i.— Uam>  ur   *  i'iitoitj>   AtFLviti<  wint  A*  hOMti.ALV. 


into  a  cf>ndition  of  progressive  cachexia,  which  requires  his  confincmeiit 

to  bed.     Another  [K)int  by  which  the  disease  can  be  diagnosed  from 

jinyxuedenia  is  that  the  lM:me.s  of  the  ejctremities,  anrl  also  to  a  certain 

extent  those  of  the  skull,  in  this  disease  are  enlarged.     There  is  like- 

lan  absence  of  the  "fulUnmon  face"  of  myxuedema,  the  6ice  as  a 

i  being  somewhat  long  and  elliptic  in  form. 

In  all  the  cases  in  which  an  autopsy  has  been  obtained  enlarge- 
aent  of  the  pituitary  body  has  been  found,  sometimes  with  persistence 
the  thymtis  gland. 
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992.  Definition  of  Terms. — ^Thet^e  terms  aro  u»od  to  (tc^igniil 
an  enlargement  oi  the  tliynnM  gknd  which  occurs  cmleiiiiailly  in  certnin 
ilistrict^.  The  tcnii  (untre  h  protwilily  a  corruption  of  the  wiml 
•*guttnr/'  the  throat ;  while  that  of  Stntma,  idthough  generally  »|>j>lied  _ 
to  a  scrofulous  enhirgement  of  the  lymph-ghimls,  has  ako  bcL^i  employed  ■ 
to  de^i*;fuite  a  *:;oitruLis  enkrgemetjt  of  thu  thyrnitL 

Distribution.— It  is  not  now  an  aftoction  which  is  met  with 
endcmimlly  to  any  extent  in  this  conntry*  Init  sporadic  cjvst^s  from  tinie 
to  tiinf  show  thetnselveiv  The  l)erl>y.'^hirc  hills  ronstituted  a  district 
in  which  formerly  the  disease  wa»  common,  thn  swelling  of  the  thyroid 
heiiig  krtown  jis  the  *'  Derliyahire  neck/'  It  i»  still,  however,  mark<Mlly 
endemic  in  the  niour»iainou8  jKirts  of  Silesia,  Hohcmia^  the  Harx, 
Thuringia,  and  in  the  Swisjs  Alp,  The  valleys  in  Switzerland  and  the 
Auj^trian  Alps  are  Hfdd  to  Iks  free  fiom  it.  It  i«  also  met  Mith  in  the 
Himalayan  nunuitainH  and  the  hilly  parU  of  the  BraziU. 

Appearance  of  Gland. — It  may  weigh  second  |K>unds  and 
l>ecome  so  enlarged  a^  to  prove  cuml»ei^ome.  The  whole  gland,  onu 
lobe,  or  the  isthmus  may  be  the  seat  of  the  swelling.  In  the  1jL6t 
ease  the  swollen  jKirt  hangs  down  as  a  [jendulous  tumour. 

On  section,  so  far  as  naketl  eye  examination  goes,  the  texture  of 
the  gland  may  not  l>e  much  altered.  Sometimes  thei^e  are  cysts  within 
it  tilled  mth  mucoid,  ropy  liquid.  In  certain  ptrts  fatty  degeneration, 
ealcification,  or  haemorrhage  may  have  occuned. 

Microscopic  examination  reveals  the  fact  that  the  tumour  is  com^ 
p(»ed  of  itructurea  very  much  like  those  »if  health.  Indee<1  the  new 
growth  seenis  to  be  an  adenomatous  condition  of  the  organ.  The 
vcsiclea  are  nsually  smaller  than  th^i^e  of  health  and  much  mom 
numerous*  The  new  vesicles  are  pushed  out  from  the  old,  as  in  many 
othtir  wlenoimita.  The  quantity  of  colloid  contidned  in  them  as  a  rule 
ia  letts  than  in  many  healthy  glands,  altltough  ^ometimeA  one  or  niowi 
become  distended  with  it  to  form  cystdike  collections* 

Cause. —  Very  little  if*  kiic»wn  of  the  cause  of  it*  occurring  vu 
demically.      Kemoval  from  the  district  prevents*  it 

Supernumerary  Goitrous  Thyroid.— Accessory  thyroid  ghmds 
are  ncaisionally  met  with.  They  may  become  so  largo  as  to  necessttatii 
removal  They  sometimes  He  in  the  middle  line  insteiul  of  hitendlj, 
or  may  be  located  in  the  upper  part  of  the  thorax. 

CBKTfNlSM  [/Vfiiikt,  a  miserable  creature  (!)  ]. 

995.  The  cretinous  constitution  shows  itself  nsually  in  endemic] 
goitrous  dii^trict^  but  it  is  to  be  l>orne  in  mind  that  cretins,  although  1 
in  a  large  [irofK>rtion  of  instances  goitrous,  are  not  always  so.  Th«| 
districts  in  which  it  is  ct^mmonest  are  the  Swiss  mountaiiia  and  the] 
Pyrenees* 
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It  is  characterised  by  feebleness  of  intellect  or  actual  idiocy, 
accompanied  by  certain  bodily  malformations,  chiefly  the  following : — 
The  head  is  large  and  misshapen,  being  expanded  at  the  sides  and 
flattened  at  the  vertex,  and  presenting  therefore  a  strongly  brachy- 
cephalic  type.  The  cheek-bones  are  high  and  prominent;  the  nose 
flattened  or  sunken,  broad  at  the  root,  and  upturned.  The  interorbital 
space  is  widened,  the  lips  thick,  the  mouth  wide  and  held  open,  the 
tongue  large.  The  individual  is  of  stunted  growth,  with  tumid  belly 
and  coarse  skin.  He  suffers  from  great  muscular  weakness  and  the 
sexual  functions  are  feeble  or  annulled.  The  mental  phenomena  are 
those  of  dulness  of  intellect,  blunting  of  the  senses,  dementia,  or  com- 
plete idiocy. 

Pathology. — The  pathology  of  this  disease,  like  that  of  its  fre- 
quent associate  endemic  goitre,  has  proved  a  complete  mystery. 
According  to  Virchow,  cretins  are  born  with  the  cartilages  at  the  base 
of  the  skull  ossified,  a  condition  said  to  be  caused  by  excess  of  lime  in 
the  water  of  the  cretinous  districts.  This  has  been  alleged  to  account 
for  the  mentally-deteriorated  state,  but  has  no  perceptible  connection 
with  the  general  habit  of  body.  It  must  therefore  be  regarded  more 
as  an  epiphenomenon  of  the  disease  rather  than  as  having  anything  to 
do  with  its  essential  pathology. 

There  is  a  close  resemblance  between  the  cretinous  condition, 
myxcedema,  and  the  cachexia  strumipriva,  or  that  cachexia  resulting 
from  excision  of  the  thyroid  gland.  Hence  the  question  has  been 
raised  as  to  whether  they  are  not  all  bound  up  with  the  same  cause, 
namely,  loss  in  function  of  the  thyroid  gland. 


Fretal  Cretinism. 

It  is  now  known  that  the  fcjetus  is  sometimes  born  a  complete 
cretin.  The  morbid  state  was  formerly  described  as  fcetal  rickets. 
The  soft  parts  present  appearances  characteristic  of  myxcedema.  The 
trunk  is  short  and  plump,  and  the  extremities  have  a  stumpy  aspect, 
while  the  bones  are  abortive  and  thick.  The  abdomen  is  prominent, 
and  other  deformities  are  present  somewhat  resembling  those  of 
rickets,  although  not  identical  with  them.  The  disease,  however, 
differs  from  rickets  in  the  fact  that  the  thyroid  gland  either  remains 
undeveloped  or  is  of  rudimentary  dimensions.  The  supposition  is  that 
this  defect  accounts  for  the  cretinous  condition  of  lx)dy. 

Exophthalmic  Goitre  (Graves'  Disease). 

994.  Historical. — The  first  distinct  description  of  this  disease 
was  given  by  Graves  in  the  year  1835  (No.  513,  p.  220).  He 
referred  to  three  cases,  all  in  females,  where  violent  and  long-continued 
cardiac  palpitation  was  accompanied  by  swelling  of  the  thyroid  gland. 
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When  the  i*aliji  tat  ions  were  violent  the  swelling  of  the  gland  1>ecamG 
greater.  It  remained  for  8toke»,  however,  in  ii  private  letter  to 
Graves,  to  ilraw  attention  to  the  protrusioti  of  the  e\  elialls.  Shortly 
after  Graves'  published  ol>servatfoTi  the  disease  was  more  systeraiilically 
investigated  at  the  hands  of  the  elder  Hegbie,  and  the  numerous  UicU 
accnniiilated  liy  him  took  the  shape  of  a  Memoir,  hiid  before  the 
Medico -Chirurgical  Societv  of  Edinburgh  (No.  2S0)  in  the  year 
1849. 

llie  disease  about  the  same  time  also  attracted  attention  in 
Germany,  and  was  the  subject  of  a  nionopaph  by  Baisedow  (No.  514, 
1840),  in  which  he  name*!  the  atlection  the  **  cachexia  exophthalmic^* 
On  this  aeotmnt  it  is  usually  known  in  Germany  as  "  Biifliidow^i 
Disciisu/'  Since  then  numerous  treatises  ufion  it  have  appeftred, 
among  which  may  Ite  mentioned  6|X'ciaJly  that  of  the  younger  Begbie 
and  of  Trousseau  (sec  Bibliog.). 

General  Phenomena. — The  dise^iso  may  be  said  to  be  eh«r- 
acterisetj  by  (I)  jmlpitation  of  the  heart  with  thrnbliing  of  the 
corneal  arteries  ;  (2)  ana^niin  ;  (3)  protrusion  of  the  eyeVialls  ;  and  (4) 
enlargement  of  thi^  thyroiil  t;lantl.  It  is  commonest  in  young  women, 
but  aUo  occurs  in  the  mule  sex.  The  history  nf  easeti  shows  that 
very  often  the  disease  has  come  on  after  the  individual  baa  aufitaiticd 
Bome  nervotis  shrK^k,  such  as  a  sudden  fright.  The  s^nnptoms  are 
initiatetl  by  palpit^ition  of  the  heart,  and  soon  afterwards  the  thyroid 
18  noticed  to  increa-so  in  size.  So  bulky  does  the  ^land  Wome  that 
it«  pressure  occasions  a  sensation  of  choking.  The  eyes  next  liegin 
to  protrude  to  an  extraordinary  extent*  and  an  anmmic  habit  of  bodj 
seta  in. 

The  eyeballs  may  protrude  so  much  that  the  punta  of  insertion  of 
the  recti  mu8clei§  Wtrme  visible,  and  tlie  indiviibud  ex|x*riencea  a 
feeling  as  if  they  were  going  lu  fall  out.  The  eyelids  fail  to  cover 
the  eyebaUa,  and  in  some  cases  ulceration  of  the  cornea  takes  pUce» 
The  cauao  of  this  extraordinary  dislocation  of  the  eyeballs  haa  never 
been  accurately  ^aaeertained.  By  some  it  is  mid  to  l>e  owing  to 
▼macular  distension  ;  by  others  to  accunndation  of  fat  tissue  within 
the  orbit  The  recti  muscles  have  Imcti  fdund  fatty  probably  from 
disuse. 

In  a  very  characteristic  case  occurring  ifi  a  young  woman  wbicb 
came  under  the  author's  notice  the  thyroid  was  enlarged  in  both 
lobea,  but  the  isthmus  remained  of  Tiatural  dimensions.  Each  lobe 
had  a  somewhat  ))ear  or  leg  of -mutton  shape,  the  broad  end  downwurdSi 
and  measured  2  ins.  long  by  1  in.  at  its  brrmdest  |wirt..  The  stiperior 
thjroid  artery  was  fairly  large  and  slightly  tortuous.  In  general 
ap|>eanmoo  the  ghmd  did  not  seem  to  Im  altereiL 

The  tbymus  gland  is  sometimes  nearly  as  large  as  the  thyroid, 
or  even  larger.  In  the  above  case  it  was  much  larger,  each  half 
measuring  4|  ins.  long  by  1  ia  at  its  broadest  (xirt.  The  lower  end 
wms   the   broader   and    thicker,    so    that    each    half    had   a    Btriking 
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resemblance  to  a  dog's  tongue.  The  gland  lay  in  close  contact  with 
the  anterior  surface  of  the  arch  of  the  aorta,  and  extended  beyond 
this  for  a  distance  of  2  inches  over  the  pericardium.  The  inferior 
extremity  was  free,  while  the  upper  ended  in  a  tendinous  structure 
attached  to  the  loose  cellular  tissue  around  the  upper  end  of  the 
trachea. 

Pathology. — On  this  subject  we  know  next  to  nothing.  In  the 
great  majority  of  cases  the  heart  is  sound  and  no  lesions  beyond  those 
of  the  parts  mentioned  can  be  recognised.  It  has  been  held  that  the 
sympathetic  is  at  fault,  but  such  a  statement  is  purely  supposititious. 
From  the  fact  that  the  disease  is  often  recovered  from,  it  might  be 
inferred  that  it  is  not  due  to  any  iiTeparable  organic  mischief.  Green- 
field and  others  have  argued  that  the  symptom  complex  is  the  result 
of  some  irritant  poison  generated  in  the  thyroid. 

The  same  author  (No.  6,  1893,  ii.  p.  1262)  describes  the  pathological 
alterations  of  the  gland  as  twofold,  namely,  a  proliferation  and  altera- 
tion to  a  columnar  type  of  the  epithelium  lining  the  vesicles,  and  (2) 
the  production  of  an  enormous  number  of  newly-formed  tubular  spaces 
lined  by  a  single  layer  of  cubical  epithelium.  So  marked  is  the  pro- 
liferation of  epithelium  that  the  appearance  resembles  that  of  a  cyst- 
adenoma  of  the  ovary. 

Other  Diseases. 

995.  The  thyroid  sometimes  becomes  extremely  vascular,  so  that 
a  cirsoid -aneurismai  or  naevus-iike  dilatation  of  its  arteries 
takes  place. 

Tubercle  is  of  rare  occurrence,  and  the  siinic  may  be  said  of 
cancer.  A  sarcoma  sometimes  grows  within  its  substance, 
apjKirently  from  the  interstitial  tissue. 

Literature  on  Thyroid  Gland  and  Mux(M€mn. — Begbie  (Exophthalmic  Goitre) : 
Collected  Works,  Syd.  Soc,  p.  169.  Beresowsky  (^Compensatory  Hypertrophy): 
Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  xii.  1892,  n.  122.  Berry  (Lectures  on  Goitre) : 
Brit.  Med.  Joum.,  1891,  i.  p.  1269  et  seq.  Billroth  and  Liicke  :  Deut.  Chirurg., 
Lief,  xxxviii.  Christiam  (Thyroidectomy) :  Arch,  de  ])hysiol.  norm,  et  imth.,  v. 
1893,  pp.  39,  164.  Discussion  on  MyxcBdema:  Brit.  Med.  Journ.,  1883,  ii. 
Gley  (Researches  on  the  Thyroid):  Arch,  de  physiol.  norm,  et  path.,  iv.  1892, 
p.  311.  Gordon  (Effect  of  Removal) :  Brit.  Med.  Journ.,  1886,  ii.  p.  65. 
Graves  (Exophthalmic  Goitre) :  Clinical  Lectures,  Syd.  Soc,  ii.  p.  220.  Gull  (Myx- 
redema) :  Trans.  Clin.  Soc.  Lond.,  vii.  1879,  p.  180.  Hofmeister  (Physiol,  of 
Thyroid):  Fortschr.  d.  Med.,  x.  1892,  pp.  81,  121.  Horsley :  Rep.  to  Committee 
of  Brown  Institution,  1885  ;  a/so,  Brit.  Med.  Journ.,  1885,  i.  p.  211  ;  Ibid.,  1892,  i. 

fe215;  aho,  Lancet,  1886,  ii.  p.  1163;  also,  Virchow's  Festschrift,  1891  (with 
istorical  References).  Kopp  (Changes  in  Ncrv.  System  after  Excision  of  the 
Thyroid  of  Dogs) :  Arch.  f.  path.  Anat.,  cxxviii.  1892,  p.  290.  Langendorff: 
Arch.  f.  Physiol.,  1889,  Suppl.-Bd.,  p.  218.  Ord  (Myxoedema) :  Med.  Chir.  Trans., 
xliii.  1878;  also,  Trans.  Chn.  Soc.,  xiii.  1880,  p.  15.  Report  on  Myxcedema: 
Clinical  Soc.  Lond.  Trans.,  1888.  Stokes  (Effect  of  Removal):  Brit.  Med. 
Joum.,  1886,  ii.  p.  709.  Trousseau :  Clinical  Medicine,  Syd.  Soc,  i.  1867,  p. 
542.  Waldeyer  (Anatomy):  Berl.  klin.  Wochnschr.,  xxiv.  1887,  i).  233.  White 
(Myxoedema):  Lancet,  1886,  i.  p.  343;  also  (Variations),  Brit.  Mea.  Joum.,  1888, 
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i.  p.  687.  In  addition  to  refs.  given,  sec  also  cases  i-ei>orted  l»y  Cavafy,  Duckworth, 
Harley,  Lunn,  Nixon,  etc.,  in  the  Trans.  Med.  Chir.  Soc.,  Lond.,*and  in  Trans. 
Clin.  Soc  Lond.  For  general  literature  on  treatment  of  Myxu'dema  l»y  supplying 
thyroid  secretion,  consult  Brit.  Med.  Joum.  for  last  three  years. 


SrPRA-RKNAL   CAPSULES. 

Juatominil  J  Hails. 

996.  The  supra-renals  are  possessed  of  a  corticiil  and  a  medullary 
substance.  The  cortex  can  be  divided  into  three  layers,  all  rich  in 
cells.  The  cells  of  the  innermost  layer  contain  pigment.  The 
medulla  is  made  up  of  a  fibrous  stroma  in  which  numerous  nerve 
cells  of  various  shajMJs  are  embedded.  From  those  which  lie 
l)eripherally  delicate  processes  stretch  into  the  innermost  of  the  three 
corticiil  layers.  So  abundant  are  these  nerve  cells  that  the  supra- 
renal IkkUcs  have  been  regarded  as  gjinglionic  nerve  centres.  In 
8upi)ort  of  this  view  they  are  known  to  be  closely  l)Ound  up  vrith 
the  solar  plexus  and  semilunar  gimglia,  and  numerous  nerve  twigs 
from  the  vagus  and  i)hrenic  jkiss  into  them.  They  are  prominent 
orgtms  in  mammals,  birds,  reptiles,  am])hibians,  and  fishes. 

Ejfect  of  JUwoniL 

In  Man  they  are  most  develoi)ed  at  the  time  of  birth  and  suffer 
decay  in  adult  life,  so  that  in  middle  and  old  age  they  are  very  often 
found  to  consist  simply  of  the  siic-like  fibrous  cai)sule  of  the  glami 
enclosing  a  little  brown  imltaceous  substance. 

Notwithstanding  this,  however,  recent  exi)eriments  seem  to  j)oint 
to  the  sui)ra-renals  subserving  a  most  important  puri)ose  in  the 
system.  AIkjIous  and  Liinglois  (No.  *J4,  iv.  1892,  j).  1G5)  have 
shown  that  a  fatal  result  follows  when  they  are  destroyed  in  frogs 
by  the  actual  cautery.  The  animals  survive  from  two  to  thirteen 
(lays  and  .suffer  from  muscular  incoordinaticni,  followed  by  {jaralysis. 
The  blood  of  an  "acajKsided  '  frug  when  injected  into  the  bUxMl- 
vessels  of  a  sound  frog  induces  the  siime  phenomena,  and  a  like 
result  also  ensues  on  the  injection  of  the  bliMwl  of  an  **  acai)sule<r' 
guinea-pig  into  the  circulation  of  the  frog.  Following  out  Bernanl's 
well-known  method  ()f  investigsiting  the  influence  of  i)oison8  like 
curare  by  progressively  ligjituring  the  vessels  of  a  limb  before  the 
injection  of  the  jKjison,  they  have  come  to  the  conclusion  that  the 
action  of  the  blo<Ml  of  an  ''  acapsuknl ''  animal  resembles  in  it« 
I)oisonous  effects  those  of  curare.  There  is  evidently  a  toxic  product 
contained  in  the  blood  which  acts  very  nuich  as  curare  does,  and 
which  presumably  is  destr(»yed  in  health  by  something  secreted  by 
the  sui)ra-renal  InMlies.  When  these  Ixnlies  are  removed  this  poisonous 
substtmce  accumulates  in  the  blood  and  induces  the  symptoms  above 
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referred  to.  It  has  been  supposed,  although  without  sufficient  basis 
of  support,  to  be  neurin.  A  piece  of  an  adrenal  cut  off  and  introduced 
into  the  dorsal  lymph-sac  of  an  "  acapsuled "  frog  serves  to  prolong 
its  life. 

Addison's  Disease. 

997.  The  supra-renals  gained  most  of  their  early  pathological 
importance  from  the  discovery  made  by  Addison  (No.  510)  that 
their  destruction  is  often  accompanied  by  a  peculiar  disease,  in  which 
pigmentation  of  the  skin  and  sometimes  of  other  parts  of  the  body  is 
one  of  the  most  striking  features. 

General  Phenomena. — The  characteristics  of  this  remarkable 
disease,  as  originally  pointed  out  by  Addison,  are,  firstly,  that  it  is 
essentially  a  form  of  anaemia,  and  secondly,  that  it  is  accompanied 
by  pig^mentation  of  the  skin.  The  pigmentation  varies  from  a 
dull  bluish-green  to  a  brown  mulatto  tint,  and  is  most  marked  on  the 
face  and  neck,  the  axillae,  front  of  abdomen,  inner  aspect  of  thighs, 
and  external  genitals.  It  is  also  sometimes  seen  on  the  mucous 
membranes  of  the  lip  and  mouth  and  on  the  mesentery  and  omentum. 
The  sclerotics,  however,  maintain  their  pearly  aspect  even  to  an 
unduly  great  extent.  There  is  also  great  wasting  of  the  body,  and 
a  general  falling  off  in  health  with  indisposition  for  any  exertion 
mental  or  cori>oreal.  Pain  in  the  epigastrium  and  feeble  heart's 
action  are  often  noticed. 

The  pigmentation  is  sometimes  quite  difiuse ;  at  other  times  there 
are  black  spots  upon  perhaps  a  mulatto-base.  White  patches  may 
alternate  with  areas  of  pigmentation. 

The  Capsules. — These  are  usually  hard,  nodulated,  and  enlarged. 
Sometimes,  however,  the  enlargement  is  not  at  all  evident.  They  are 
often  extensively  bound  to  neighlx)uring  organs  by  old  fibrous  union. 
On  section  the  line  of  demarcation  between  cortex  and  medulla  will 
be  found  to  have  vanished.  Several  cheesy  deposits  may  be  seen 
lying  in  their  substance,  some  of  them  not  unfrequently  calcic.  The 
lymph -glands  in  the  neighbourhood  are  usually  swollen  and  the 
solitary  glands  and  Peyer's  patches  of  the  intestine  have  often  been 
found  enlarged.  A  mammillated  condition  of  the  stomach  and 
enlargement  of  the  spleen  are  epiphenomena.  The  matting  together 
of  the  parts  by  the  adhesions  tends  to  involve  the  nerves,  ganglia, 
and  plexuses  in  the  neighbourhood.  It  has  been  stated,  moreover, 
by  Greenhow  (No.  264,  1881,  ii.  p.  G9)  that  these  may  be  found 
thickened  from  increase  of  their  neurilemma. 

It  must  not  be  supposed,  however,  that  the  caseous  condition  of 
the  bodies  above  referred  to  is  invariable.  Addison  himself  described 
them  (Case  IV.)  as  sometimes  being  small  and  atrophied,  as  he 
supjxysed,  from  the  effects  of  inflammation.  And  since  then  numerous 
instances  of  the  occurrence  of  the  disease  in  connection  \vith  simple 
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wiisting  of  the  UxlieH  liavc  been  put  im  record  (sec  Xo.  11)2,  xxxvi. 
1885,  p.  427  ft  s^q.).  It  has  even  l»eeii  Jissert^  hy  Thtmu  (Nifc.  511, 
xii.  1884,  p,  361)  that  removal  of  the  *;liiijds  in  the  rabbit  is  foHowed 
by  a  browti  pigmenUiiion  of  the  MiusL'les  iirid  uf  the  mucous  membnuics 
of  the  nose  and  mouth.  When  one  gland  ia  exciHcd  the  pigmentation 
18  mostly  on  the  correspc»nding  atile.  Agftiust  thi^*,  however,  are  to  be 
reckone<l  the  exi>enroent-s  of  Nothnagel  (No.  91,  i,  p,  77),  who 
destroyed  the  cap^ule^  in  153  animals  without  Hnding  pigmotitiitian 
or  any  other  phenomenon  worthy  of  mention. 

Cancerous  disease  was  also  found  by  Addison  (Caaes  VII,  and  VIIL) 
to  occasion  the  pigmentation.  It  tloes  not  always  do  »o,  the  result 
depending  most  likely  upon  the  ami>unt  of  destruction  of  the  gbuids 
which  endues. 

Pathology. — The  key  to  the  pathology  of  the  diseiM  of  course  ia  to  be  foond  in 
gmit  jittrt  in  a  riuht  ii»tfr|»n*lAtiori  of  the  pigmi'iitjiry  functions  of  the  csptulen.  An 
(till  notion  (Ja^uu^  No.  4,  \\  187^^  ]k  31*0)  w^hicU  has  been  revived  by  M'Munii 
(No.  <1,  IS^S.,  i  p,  231)  is  that  their  funitioti  U  mninly  to  hrenk  np  rvfuae  pignieiit 
and  to  fit  it  for  Uriug  eirn^ted  hy  thf  kidiivys  or  liver.  A«  before  f*id»  the  «apr»- 
retitli  conUin  a  pigment.  This,  aceord^tng  to  M'Munu,  hij»  not  ai  yet  bevn  tsolated* 
It  gives  ihe  Abeorption  bands  of  hiemochromogen  or  roduved  husmntin*  wore  etpiciallf 
when  tAken  from  the  medulla.  Da  prmctically  all  occasions  in  which  he  has  fotmd 
this  pigment  in  the  aniniAl  kingdom  it  has  been  excretory,  and  he  supposes  that  it 
bat  the  same  cignificuioe  when  prpsent  in  the  adreusla— that  it  is,  in  fact,  erkleact 
of  a  downward  tnetomorpbofis  of  \(orn-out  ptgmenti,  the  hffiuioglobins  and  bhit<^ 
hvtnittltiA,  One  of  the  functioni$  of  the*  nu[im-renala,  he  sappon^  is  to  pick  oat 
effete  pigtucnti  from  the  ctrrulstion.  Hence  where  they  are  dsatroyed  pigrnentation 
ought  naturally  to  take  pla<^  from  thes*)  cffvU  [ligments  aocumulating  in  the  blood, 
»ad  torn*  of  the  incompletely  metabolised  pigment  shonld  be  pre&mt  in  the  ttlia^ 
Su<;b  colouring  matter  he  htui  isoltttvd  from  Uie  urine  in  AddiAon's  divease,  and 
names  it  urohiematojKtrphyrin.  The  ailrtjuala^  howwer,  *r«  prohahly  not  alone  to 
this  funeliod.  An  occusional  absence  of  pigmentation  when  they  are  drstroiye^l 
msy  be  arcouiited  for  by  the  pigment  being  met&morphoseil  and  reniored  throun^k 
other  agencies.  Thus  there  may  \m  broniing  without  di»wi»»  uf  xUi*  adimaLv  or 
disriar  of  the  adrenaJs  without  bronxingf  because  apparently  the  gUnds  are  nuifia* 
nantary  organs. 

Asotbrr  view  of  the  acctnnulation  of  pigment  was  held  by  Holmgren  (Ko^  49, 
l^S,  iL  p.  309),  namely,  thut  taurocholic  acid  is  formed  in  abundtiricw  in  tbi  ea|iaiilcB» 
••ca|>f«i  into  the  bloorl.  and  destroys  the  blood  corpuscles.  The  fiigmeait  Ubaratad 
fh>m  the  cor|ittscleB  de{K)Mita  itself  in  the  skin.  Thii*  would  cxpUin  the  ooeaiatwftl 
aii»roia  whiih  U  unaix'<uiuti'd  for  by  the  foregoing  theory. 

Tlie  tiymjiathDtic  was  supposed  by  Addison  to  pky  aq  inifKjrtant  jiart  la  tba 
diaeasa,  ainl  since  hii  time  the  notion  has  gainetl  many  adhcrentJi^    U  U 
that  through  it  the  whole  functions  of  the  gland  might  t)e  modified*^ 

Aqueotti  aiul  alcoholic  extracts  of  the  a<lh*iialM  have  a  toxic  effe<^t.  Thtf  art 
IHce  ptooiaiuee  (Foa  and  Pelhii'Ani,  Xo.  134,  ecx.  ISSts,  p.  21 H).  Macmnnn,  howwer 
(Xckf.  fi^.)»  rsgartla  thsM  as  products  of  destruction  of  the  refuse  pfot«ld  peitaf  tba 
iHgitiKfit  ia  ita  metabolistiL  Such  bodies  induce  hyiHcrthennia,  while  the 
maslly  induce  hy|toihcrmia,     Henci  be  is  tloul)tltil  nf  their  ptomaine  natunu 

^  For  full  ftatament  of  eTtdtncc  on  this  subject  coniuU  Kah]den«  Ko.  13,  exit.  ] 
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Supernumerary  Adrenals. 

998.  In  many  of  the  lower  animals  the  adrenals  are  multiple.  In 
the  elasmobranchs  they  consist  of  a  double  row  of  bodies  arranged 
segmentally. 

Accessory  adrenals  are  occasionally  met  \nth  in  Man  (see  Bibliog.), 
the  commonest  site  being  in  the  broad  ligament.  The  accessory 
structure  is  usually  about  the  size  of  a  small  pea.  Its  presence  in 
the  broad  ligament  is  accounted  for  by  the  general  alteration  in 
position  of  the  genito-iu-inary  organs,  which  occurs  on  the  approach 
of  extra-uterine  existence. 


Compensatory  Hypertrophy. 

999.  It  is  asserted  by  Stilling  (No.  13,  cxviii.  1889,  p.  569)  that 
when  the  one  capsule  is  destroyed  in  rabbits  the  other  hypertrophies. 
It  appears  to  increase  in  size  and  weight,  but  whether  it  really 
hypertrophies  may  as  yet  be  held  m  retentis.  In  this,  as  in  other 
alleged  instances  of  compensatory  hypertrophy,  there  is  a  want  of 
detailed  examination  of  the  enlarged  organ. 


Tumours. 

1000.  The  commonest  of  these  are  cancer,  sarcoma,  blood-cysts, 
etc.  Primary  cancer  of  one  or  of  both  ciii)sules  has  been  frequently 
described.  In  many  of  the  cases,  and  particularly  where  both  have 
been  simultaneously  affected,  other  organs  have  been  implicated,  and 
doubt  may  therefore  be  thrown  upon  its  having  been  primary.  Sar- 
comata sometimes  grow  to  a  great  size.  The  blood-cyst  appears  to 
originate  in  a  haemorrhage  into  a  capsule  already  hollowed  out,  as 
so  frequently  happens,  by  senile  degeneration.  Pigment  crystals 
separate  freely  from  the  eflfused  blood. 

Literature  on  the  Supra-renal  Bodies.  — Addison  :  On  the  Constitutional  and 
Local  Effects  of  Disease  of  the  Supra-renal  Cai)sules,  1855.  Alexander  (R<*searche8 
on  Supra-renals  and  Nerv.  Syst.):  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler). 
Averbeck :  Die  Addison'sche  Krankheit,  1869.  Barlow  (Addison's  Disease) : 
Trans.  Path.  Soc.  Lond.,  xxxvi.  1885,  p.  433.  Burger:  Die  Ncbennieren  u.  d. 
Morbus  Addisoni,  1883.  Chiari  (Accessory):  Zeitschr.  f.  Heilk.,  v.  1884,  p.  449. 
Coupland :  Trans.  Path.  Soc.,  xxxvi.  1885,  p.  423.  Dagonet  (Path.  Anat.) : 
Zeitschr.  f.  Heilk.,  vi.  1885,  p.  1.  Discussion  on  Paper  by  Greenhow:  Trans. 
Intemat.  Med.  Cong.  Lond.,  1881,  ii.  p.  51.  Goodhart :  Trans.  Path.  Soc.  Lond., 
xxxiii.  1882,  p.  340.  Greenhow :  Brit.  Med.  Journ.,  1875,  i.  p.  327  ct  sfq.  Haus- 
mann  (Primary  Cancer  in  Both):  Berl.  klin.  Wochnschr.,  xiii.  1876,  p.  648. 
Kidilden  (Path.  Anat.) :  Arch.  f.  path.  Anat,  cxiv.  1888,  p.  65.  Macmunn  :  Brit. 
Med.  Jouni.,  1888,  i.  p.  233.  Marchand  (Accessory) :  Arcli.  f.  i>ath.  Anat.,  xcii. 
1883,  p.  11.  Saundby :  Brit.  Med.  Journ.,  1883,  i.  p.  50.  Stilling  (Comi)ensatoiT 
Hyi«rtrophy) :  Arch.  f.  path.  Anat.,  cxviii.  1889,  p.  569.  WolfiT  (Addison  s 
Disease) :  Berl.  klin.  Wochnschr.,  vi.  1869,  p.  173. 
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The  Splekn. 
Anatomical  and  Phymlogical  Details, 

1001.  Oil  the  vexed  (juestion  of  how  the  blood  i>as8e8  from  the 
splenic  artery  into  the  splenic  vein  there  are  chiefly  two  views.  The 
first  is  that  the  terminal  branches  of  the  artery  ojien  directl}'  into 
the  splenic  sinuses  and  thence  into  the  veins.  The  second  is  that  the 
terminal  ofl'shoots  o\>e\\  first  into  the  si)onge-liko  network  of  the  pulp, 
that  the  blood-corpuscles  are  thus  retarded  in  their  progress  onwards, 
and  that  from  the  meshes  of  the  pulp  network  they  {)enetrate  by 
minute  ai)erture8  into  the  sinuses,  while  these  again  are  continuous 
with  the  veins.  Of  the  two,  the  latter  is  much  the  more  deser\'ing  of 
acceptance.  And  the  reasons  for  this  are  mainly  the  fact  that  the 
pulp  is  extremely  porous  ;  that  it  is  imjwssible  to  trace  by  methods  of 
injection,  staining  by  silver,  or  othemise,  any  direct  connection 
between  the  arteries  and  veins  ;  and  that,  when  the  organ  is  engorged 
with  l»l(Kxl,  the  piUp  intorsi>aces  l)ecome  distended  therewith.  Evi- 
dence is  also  afl'ordeil  by  the  study  of  the  spleen  in  waxy  diseasi* 
strongly  favouring  the  latter  notion.  It  is,  accordingly,  the  view 
which  will  l>e  taken  of  the  structure  of  the  organ  in  what  follows. 

The  splenic  siiuises  are  very  delicate  sjxaces  of  irregiUar  sha|)e, 
which  in  the  healthy  spleen  are  seen  with  ditficulty,  but  which  become 
much  more  evident  in  certain  morbid  conditions.  They  are  linetl 
Mrith  endothelium,  which  is  continuous  with  that  of  the  veins.  They 
are,  in  fact,  small  cistern-like  ciivities  which  sulwerve  the  pur|K)se  of 
collecting  the  blood  from  the  pulp  Injfore  it  starts  cm  its  ])assage 
through  the  venous  channels.  Distinct  apertures  can  Ikj  seen  Iwtween 
their  endothelial  plates  in  conditions  of  engorgement  of  the  pulj> 
reticulum,  and  it  is  through  these  ai)i){irently  that  the  blood-coq)U8cles 
make  their  way  in  jKissing  from  the  one  into  the  other. 

The  bl(MMl,  on  account  of  its  diffusion  throughout  the  pul|),  is 
hindered  in  its  course  from  the  arteries  to  the  veins,  and  seeing  that 
the  l)loo<l-corpuscles  undergo  profound  alterations  in  the  spleen,  there 
apiwars  to  l)e  a  purpose  in  this  arrangement,  just  as  in  the  case  of 
the  circulation  within  the  red  l>one  marrow  (v<)l.  i.  p.  489). 

The  essential  rinulation  thiough  the  spleen,  it  must  Ik;  l^orne  in 
mind,  therefore,  is  without  ea]>illaries.  The  siinises  ap|)ear  to  1k» 
their  honiologue.  It  nuist  not  be  forgotten,  however,  that  this  is  tnie 
only  .so  far  as  regards  what  may  l)e  called  the  physiological  circulation 
through  the  organ.  AVithin  and  around  the  Malpighian  bodies,  the 
mus4ular  tniWcuhe,  and  eai)sule  there  are  true  capillaries  which 
aj>i>Jirently  are  independent  of  the  jmlp  circulati<m.  There  are 
indeed,  so  to  s|>eak,  two  circulations  in  the  organ,  the  one  proKably 
bound  up  with  its  blood-forming  functions,  the  other  concerntHl  with 
the  maintenance  of  the  structure  of  its  various  jwirts. 
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The  organ  contains  much  unstriated  muscular  tissue  in  its  capsule 
and  trabeculse,  and  pulsates  rhythmically  and  independently  of  the 
pulsations  of  the  heart  (Roy). 

Venous  Engorgement. 

1002.  In  conditions  of  embarrassed  circulation,  such  as  that 
resulting  from  valvular  disease  of  the  heart,  the  spleen  becomes  altered 
in  texture  and  general  appearance.  It  increases  in  size  and  becomes 
particularly  hard  and  elastic.  The  capsule  has  a  deep  blue  or  purple 
colour,  and  on  section  the  spleen  substance  is  seen  to  be  almost 
perfectly  black  from  venous  hyperaemia.  The  colour  becomes  brighter 
red  on  exposure,  the  cut  edges  are  sharp  and  well  defined,  and  very 
little  blood  can  be  squeezed  out  from  the  organ.  The  Malpighian 
bodies  may  be  well  defined  or  not.  As  a  rule  they  are  distinctly 
enough  seen. 

The  pulp  and  sinuses  are  packed  with  blood-corpuscles,  and  this 
accounts  for  the  elastic  resilience  felt  on  handling  it.  The  muscle  of 
the  trabecule  is  sometimes  a  little  hypertrophied,  but  there  does  not 
usually  appear  to  be  any  deposition  of  new  fibrous  tissue  nor  of 
blood  pigment. 

The  Wax-like  Spleen. 

1003.  There  are  two  varieties  of  this  disease,  differing  according 
to  the  parts  implicated.  The  one  is  known  as  the  "  Sago  Spleen,"  the 
other  is  the  "Diffuse  wax-like  Spleen."  The  former  is  by  far  the 
commoner  of  the  two. 

The  Sago  Spleen. 

The  organ  is  somewhat  enlarged  and  increased  in  weight  (7-10 
ounces)  and  consistence,  but  in  none  of  these  respects  to  so  great  a 
degree  as  in  the  diff"use  form  of  the  disease.  The  capsule  is  somewhat 
stretched,  but  not  to  the  extent  of  its  being  attenuated.  On  section, 
the  cut  edges  are  sharp,  the  surface  dry.  The  Malpighian  bodies  are 
enlarged,  prominent,  and  have  the  peculiar  lustre  of  masses  of  boiled 
sago.  They  are  in  reality  almost  colourless,  but,  against  the  splenic 
pulp  which  always  retains  its  colour,  they  appear  dark  red  or  almost 
black.  When  the  disease  is  at  all  advanced  they  do  not  present  a  gray 
tint  If,  however,  the  infiltration  of  the  Malpighian  body  with  the 
amyloid  is  only  partial,  a  certain  amount  of  its  natural  gray  tint  may 
still  remain. 

On  staining  with  iodine  the  enlarged  Malpighian  bodies  alone  are 
the  parts  which  seem,  so  far  as  naked-eye  examination  is  concerned,  to 
give  the  brown  reaction. 

Examined  microscapicallyy  in  the  unstained  condition  these  Mal- 
pighian bodies  are  seen  to  be  from  three  to  four  times  their  average  size  ; 
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they  have  it  rcniarkuble  rraiislucenoy  ajid  u  »harp  welUiefiued  Iwjnier 
The  artery  in  their  mitlfft  ig  usually  waxy,  but  not  always  fto.  The 
romaindor  of  the  oi^ran  dtH*s  not  a}j|K*ar  to  he  much  altered,  but  when 
staincil  with  gentian- violet  some  of  I  he  branches  of  the  8mall  artorie* 
entering  the  jjulp  jjfive  the  pink  reaction  along  with  i>cca«ioual 
localiam!  deiJotsits  of  the  waxy  in  their  vicinity.  The  greater  part  of 
tho  pulp,  however,  remains  of  a  slate  blue  or  purple  colour,  showing 
tbit  the  waxy  disease  has  not  extended  to  it. 

In  many  cases  the  intiltmtion  of  the  Malpigliiiiii  liody  is  incaio* 
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<«f.»,lk)  Wtxx  Mftl|4g1iliti  bodx :  {>n  «in*n  »ru>Tj  in  tb^  i picnic  palp  lurroiratM  hf  |h# 
(Of  nUAii'Tlrilrt  «vil  r*m»nt«*  »ot) 


picte,  ami  in  these  there  i-*  a  chance  of  studying  wlicre  the  amyiuid 
derived  from.  It  is  oftet*  asserted  that  the  small  round  eelJa  of  tho 
Malpighian  ImmIv  <lf?genenite  into  it,  and  certainly  there  are  appear&tioei 
which  at  iii-^ii  sight  seem  to  favour  the  view.  With  gentian- violet  the 
lcucm'yu?H  8tain  blue,  the  waxy  pink  ;  and  these  bhns  leucocytes  are 
often  found  adhering  to  the  pink  mud^ed  of  waxy  in  such  a  inADner  as  to 
aiake  it  a|jpear  as  if  they  were  their  soui-ce.  Such  apfieanwoeSi  how* 
ever,  lue  deceptive.  If  duo  caro  Ik?  adopted  in  the  exanunatif>n,  it 
will  be  found  that  here  m  elsewhere  the  disease  present s  the  chamcter» 
of  an  inliltration — an  infiltration  of  an  albuminous  sulintanee  deriv<f<i 
from  the  blood — int*)  the  intersiices  of  the  srnmi:*  crn»,tituting  the 
groundwork  of  the  Malpighian  bcKly. 
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Diffiisr  JFaxtj  Sjjhen, 

1004.  This,  as  aforcsaitl,  is  larger,  lieavior»  and  firmer  than  the 
**sago"  variety.  So  firm  is  it  thai;  it  has  the  feeling  of  a  waxy  liver. 
It  is  also  comiJara lively  aiutmiic,  but^  like  the  waxy  spleen  in  any 
form,  the  imllor  is  never  so  great  as  in  other  organs.  The  cut  surface 
is  jKirticularly  ilry  and  k  not  ditferentiateJ  by  sago-like  masses.  It 
piHfsenU  the  uniform  dry  lustre  of  a  wax  model  The  Mal]>ighian 
IxKlien  may  be  present,  bnt  are  not  waxy,  or  ordy  very  partially  so. 
More  constantly  they  are  entirely  absent.    The  stain  given  with  iodine, 
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Fm,  iS4.--DiK^Kri*e  Waxy  Spucsn  (xTiO  Duma.) 

{t)  Oftiisnl*!  wifh  «  mnwiiUr  tmlwnU  (0  ruT?ning  inwards  rr.nji  U     (mJu)  Malpighion  body, 
v>ta«*wh;i^t  enlAfgixl  htit  not  wnxy ;  (mJmi.)  AUniht-r  of  Uie  »au\e  with  a  waxy  Arti'ry  fn  it>»  int<l-tt ;  («) 
I  Clf  IbB  ipteuic  piiUs  cAch  with  iut  wnll  iiittttrjitutl  with  thH  WAxy.    Tht;  diirk  Hhndiug  of  tibiC^ 
dji  to  tlie  pink  reitctloii  (GtMitlanviolet). 

ivhen   seen  with  the  naked  eye,  is  quit©  diftuso ;    the  whole   pulp 
gubstance  is  equally  roloured  of  a  dark  brown  tint. 

The  chief  se<it  of  deposit  of  the  amyloid  is  in  the  walls  of  the 
Splenic  sinuseSi  which,  instead  of  being  structures  indistitictly 
visible  un  account  of  their  extreme  delicacy ,  are  now  readily  recog- 
rused  with  a  magnifying  power  of  iifty  diameters.  The  wall  is 
infiltrated  either  throughout  its  entire  extent  or  only  on  one  side, 
and  gives  a  brilliant  pink  colour  when  stained  with  gentian- violet. 
The  cavities  of  the  sinuses  are  usually  emjUy  and  dilated,  but  if 
there  happens  to  be  a  little  blood  coiit^iined  in  them,  it  gives  a  blue 
colour,  not  a  pitdc  reaction.  The  endothelium  lining  the  sinuaea  is 
often  retained  and  also  colours  blue. 
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In  severe  canes  tht'  -j^ieut^jr  pixrl  of  the  reticulm*  tissue  is  similarly 
iiifiltniUnl,  -nu  that  the  pul|)  subsUuee  wjiy  show  a  universal  pitik 
stain.  The  snuill  arteiieH  are  iiivariahly  waxy  ;  but  both  in  this  snd 
in  the  **sago"  variety  the  muHcular  trabeculib  and  the  eajisule  reniAin 
free  from  iniiltration,  unless)  where  a  waxy  vessel  runs  through  either 
of  them  or  lies  in  their  neighlxmrhood.  The  immediate  surrounding^^ 
under  such  cireuuiatAnces,  usually  give  a  slight  pink  reaction, 

T17BEBCLE. 

1005.  The  sjtleen  i^  a  common  seat  of  tul»ercle  when  the  disease  takes 
the  form  of  a  general  miliary  eruption.  There  is  no  such  thing  known 
m  phthisis  of  the  sple«n  in  the  sense  in  which  the  term  is  emplnyctl 
in  reference  to  the  Uui^t  kidney,  or  testicle,  the  reason  Iwing  that  the 
spleen  is  unprovided  with  epithelial-elad  ducts. 

The  nodules  vary  in  sixe  from  a  millet  seed,  or  smaller,  up  to  a 
|>ea  or  hazel  nut.  When  they  reach  the  latter  dimension  the  nixiule 
will  l)c  found  on  microscojiic  examination  to  be  an  agglomeration  of 
seveml  smaller  masses*  Even  when  they  are  microscopic  objects?  they 
will  l>e  found  to  show  evidence  of  incipient  caseation,  and  when  they 
become  perceptible  to  the  naked  eye  they  derive  a  distinctly  yellow 
colour  and  dry  consistence  from  this  cause.  They  frequently  calcify, 
and  sometimes  so  generally  that  every  nodule  within  the  organ  may 
l>e  found  converted  into  a  stone-like  mass.  Curiously  thiii  may  ha[i[)en 
in  the  spleen  to  the  exclusion  of  other  organs  which  may  !>♦•  simub 
taneously  tubercular.  Tln\v  sonietimca  soften  and  cicatrise,  but  do 
not  tend  to  become  e.xc44vated. 

The  giant-eel b  are  usually  abundant  in  the  nodules,  but  a  complete 
reticuhim  i»  seldom  encimntere^b  The  tubercle  Imcillus  is  often 
difficult  t<>  tlemonstrate. 

In  the  case  of  the  horsc,  tubercle  of  the  spleen  sometimes  takes 
the  form  of  a  huge  8iirc^»ma  like  mass  many  |K>unds  in  weight  and  con* 
tallling  T^'"  I'T-iH"!-  ^I'lifHlantly. 


SYPKIUTIC  SpLKCN — PERtSPLEXmS, 

WTiere  there  is  evidence  of  abdominal  syphilis,  the  siirrouitding 
idhesions  will  usually  lie  found  to  implicate  the  spleen.  GummatA  and 
the  cicatricec^  resulting  from  them  may  occasion  considerable  deformity 
of  the  organ,  and  they  are  accompanietl  by  thickening  of  the  capiile. 
The  lesions  assimie  the  character  of  a  {n'risplenitis  more  than  that  of 
an  inflammation  of  the  org-.m  itHclf. 

There  is  a  form  of  thickening:  of  the  capsule  met  with 
pretty  often,  which  is  jiectdijir  in  so  far  as  it  gives  rise  to  an 
appearance  fu*  if  melted  tiillow  had  been  |ioured  over  the  surface  and 
been  allowed  to  comMilidate*     The  thickening  is  caused  simply  In* 
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fibrous  deposit.  The  commencement  of  the  disease  is  probably  a 
precipitation  of  fibrinous  lymph  on  the  capsule;  this  subsequently 
becomes  organised.  The  spleen,  however,  need  not  be  adherent  to 
neighbouring  parts.  The  disease  may  possibly  in  some  cases  be  a 
83rphilitic  affection. 

Baumgarten  (No.  13,  xcvii.  1884,  p.  21)  describes  a  form  of  miliary  eruption  in 
the  spleen  almost  identical  with  tubercle,  but  which,  he  says,  is  syphilitic.  So  close 
does  the  drawing  he  gives  of  it  resemble  tubercle  that  it  would  require  even  more 
convincing  evidence  than  he  adduces  to  entirely  discredit  the  possibility  of  its  being 
such. 

Cavernous  Tumour. 

1006.  Sometimes  the  entire  spleen  becomes  swollen  and  engorged. 
From  a  dilatation  of  its  blood  channels  it  may  pulsate  like  an  aneurism. 
In  a  case  of  this  kind  described  by  Langhans  (No.  13,  Ixxv.  1879,  p. 
273)  angeiomatous  masses  were  also  found  in  the  liver.  The  spleen 
in  that  case  was  23  ctm.  long,  15  ctm.  broad,  and  10*5  ctm.  thick. 


Cancer. 

1007.  Secondary  cancer  of  the  spleen  is  common  enough,  and  it 
has  been  alleged  that  primary  cancer  has  been  met  with.  Notta  (No. 
107,  1886,  i.  p.  166)  has  collected  all  the  supi)osed  cases  together, 
some  ten  in  all,  and  himself  believes  in  its  occiu^rence.  On  reading 
over  the  records  of  the  cases,  however,  the  evidence  upon  which  the 
diagnosis  of  a  tnie  primary  epithelial  tumour  was  based  is,  to  say  the 
least  of  it,  meagre.  The  only  conceivable  manner  in  which  such  a 
tumour  might  originate  woidd  be  by  some  embryological  epithelial 
remnant  such  as  a  dermoid  having  got  included  in  the  splenic  tissue. 


Sarcoma  and  Lymphadenoma. 

1008.  Primary  sarcomata  undoubtedly  grow  from  the  organ. 
Lymphadenomata  in  the  human  subject  are  almost  always  secondary. 
The  primary  yellow  tumours  formerly  described  as  such  generally  turn 
out  to  be  tubercle. 

Ague  Spleen. 

1 009.  The  spleen  in  malarious  dise«ase  becomes  much  enlarged  and 
peculiarly  brittle,  so  that  a  slight  blow  will  serve  to  rupture  it.  When 
in  this  swollen  and  brittle  state  the  term  "  ague  cake  "  is  applied  to  it. 
In  chronic  cases  the  organ  becomes  tougher,  owing  to  a  diffuse  cirrhosis 
of  its  texture. 

Common  as  the  malarious  spleen  is,  yet,  curiously,  the  literature 
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on  the  subject  of  the  cause  of  the  enlargement  is  meagre.  It  is  }>rob- 
able,  however,  that,  in  the  first  instance,  it  is  due  to  accumulated 
leucocytes,  while  later  on  the  lesion  assumes  the  character  of  a  diffuse 
fine  cirrhosis. 

The  malarious  spleen  is  also  frequently  pitjmenlnL  The  pigment  is 
black  and  gives  to  the  organ  as  a  whole  a  peculiarly  leaden  tint.  The 
particles  are  small,  black,  and  irregular  in  shai)e.  The  liver  as  a  rule 
is  simultaneously  pigmented,  and  lines  of  pigmen tuition  are  seen  in  the 
peritoneum.    • 

(For  further  j particulars  consult  Malaria  an<l  Pigmentation  of 
Liver.) 

Typhoid  Splken. 

1010.  The  organ  is  swollen,  soft,  anaemic,  and  pulpy,  but  beyond 
this  not  much  is  known  of  its  condition. 

For  description  of  the  Leucocsrthsemic  Spleen  and  Infarction 
see  the  respective  titles.  For  that  of  the  blooil-forming  proi)erties  of 
the  organ  see  Bhu^L     SuiH»rnunierary  Spleens,  see  Malfonmitums. 

Litwaturt  on  the  ^V/z/rr//.— Baumgartcn  (MiliaiT  Syphilis  :  Aivh.  f.  jtath.  Anat.. 
xcvii.  1SS4,  pp.  21,  3«>.  Fleming  u\hsi«\ss^ :  Mni.  Krj^..  Philn.,  v.  Ih89,  p.  '201. 
Griffini  (Partial  Rp|»r<Kim'ti()n) :  Aivh.  |kt  Ic  8<\  nn*<i.  Torino,  vi.  188*2,  y.  312. 
Grigorescu  (Circnlation,  Hralthy  and  Disfasini^ :  Conipt.  ivnd.  Sot,*,  do  biol.,  lii. 
1886,  |».  r>01.  Langhans  Cavernous  Tumour':  An-li.  f.  |»ath.  Anat.,  Ixxr.  ls79, 
l».  273.  Malinin  TIivmoI.  and  Tathol. ) :  Aivh.  f.  path.  Anat.,  ixv.  18S9,  p.  303. 
Neumann  (('han-ofs'Cry.vtal.s'  :  Arch.  f.  jwth.  Anat.,  cxvi.  iss9,  p.  324.  Notta 
(IViniary  Cancer » :  Anh.'pn.  d.  nn*d.,  188t»,  i.  p.  ItWJ.  Roy  'CauHe.s  of  Rupture  : 
Indian  Mod.  <;az.,  xxi.  18>f).  p.  235.  Sokoloff  (Venous  HyiKT.fniia  :  Art'b.  f. 
I>ath.  Anat..  rxii.  188.s,  p.  209.  Stilling:  Anh.  f.  jiatli.  Anat.,  ciii.  l88rt.  p.  1.'.  : 
b€»'  al^t  LcucMMVtliii'niia. 


CHAPTER    LXXXVII 
THE  MAMMA 

Normal  Strudure, 

1011.  General  Structure. — The  human  mamma  may  be  regarded 
not  as  a  single  gland  but  rather  as  an  aggregation  of  from  fifteen  to 
twenty  separate  glands,  each  opening  on  the  nipple  by  an  independent 
orifice.  These  glands  consist  of  a  duct  emulging  externally  into  a  sac- 
like cistern  in  the  nipple  and  dividing  internally  in  a  dichotomous 
manner  into  acinous  or  berry-like  extremities.  The  acini  in  the  virgin 
gland  are  lined  by  a  double  row  of  epithelial  cells.  The  deep  row  is 
somewhat  rounded,  while  the  superficial  is  more  or  less  conical  and 
becomes  columnar  as  the  ducts  are  approached.  The  epithelium  is 
undoubtedly  supported  by  a  memhrana  popria.  The  structure  of 
this  membrane  was  described  originally  by  Hcnle  (No.  512,  ii.  p.  46), 
afterwards  in  health  and  disease  by  Langhans  (No.  13,  Iviii.  1873,  p. 
132).  It  is  composed  of  a  homogeneous-looking  connective  tissue  con- 
tinuous with  that  of  the  gland  generally.  The  individual  segments 
of  the  gland  are  bound  together  by  a  peculiarly  coarse  variety  of 
fibrous  tissue,  whose  bundles  are  so  loosely  interwoven  that  numerous 
spaces  are  left  between  infiltrated  with  fat.  Surrounding  the  bundles 
is  a  peculiarly  rich  network  of  lymphatics,  most  of  which  ulti- 
mately drain  into  the  axillary  g^lands.  Blood-vessels  are  also 
abundant. 

In  a  microscopic  section  of  the  virgin  gland  the  acini  are  seen  to  be 
arranged  in  groups  of  four  to  six  or  more,  and  the  groups  are  separated 
widely  by  the  surrounding  connective  tissue.  Each  group  is  enve- 
loped concentrically  by  the  connective  tissue,  and  hence  is  demarcated 
from  surrounding  parts.  The  epithelium  of  the  acini  is  comparatively 
ill  developed,  and  contrasts  in  a  marked  manner  with  that  seen  in 
cancer  and  other  epithelial  diseases. 

Liability  to  Tumour  Disease. — Seeing  that  the  gland  is  pro- 
vided with  so  abundant  a  fibrous  stroma,  with  so  rich  a  lympathic 
supply,  and  with  epithelial-clad  acini  and  ducts,  it  might  be  expected 
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natarally  to  he  a  ic*4it  of  tumciur  disejisc*  There  is  another  cnua*^,  hr*w 
aver,  which  prcdiaptiaes  it  to  siichi  riAmely,  Us  prrai  instabiiU^,  8rcrcl 
ing  Tniltc  at  thf  time  oi  liirih,  lying  blent  till  puWriy,  nndergnin^ 
evolution  at  that  |ioritMl,  l>eiug  the  anlijoci  of  unusual  iicliviiy  tlurinj: 
kctatum,  and  again  passing  irittj  a  8tate  of  invohitiun  during  old  agr, 
it  can  hardly  Ik*  a  matter  of  surprise  that  it  is  a  frequent  »eat  of 
turnoui^  of  vjirinus  kinds,  And  wiien  wo  consider  that  dunng  many 
of  thei*e  phases  *if  its  life  history  the  epithelial  inve^^tment  Uccome* 
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— KaaiLftji  Vuuinf  Xavjia  rn/uii  a  W*iiiam  aboi'I  Tirtarnr  Tkaib  or  JUtt 

(XMI  0IAJU.> 

(«i)  arcNi|i  of  ftclnl  vdA  diieU  ;  (»)  •urrottnitiing  <y«n»  ^rmm ;  H  taA  Umn^  tjinm  tA  Hi*  I 
CravMnle  acid  aihI  rftmnia'  Hfit.) 

profoundly  mcKlified,  it  can  1»p  under^Uimi  why  m  miuiy  of  the 
growths  found  in  it  aasutne  an  epithelial  type. 


M^RTfiDYXlA  (/i*wrro«,  iftt  hrensi  ;    0S1V7,  P'**^)* 

lull'.   Neuralgic  pain  in  f'     '       l<niamnmi«  of  common  occur 
in  adult  life.     It  i^  often    •  i  with  dt«43A«6  of  the  ut«ni%  mI 

when  this  it  «o  the  |iatn  \p>  hKiutnl  ni<»rt*  in  the  left  than  in  the  right 
organ*  Ai  the  glandi  lx?gin  Ut  eT»lari;e  at  the  age  of  puljerty  they 
8om<tt)me«i  become  excewiively  [minful,  hut  thia  differs  from  the  fore- 
going  pain  in  Iring  elieiteil  mostly  when  the  mamme  are  handled  or 
when  prcised  uprm  by  other  meanft. 
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The  Lactating  Mamma. 

1013.  During  lactation  the  gland  becomes  large  and  prominent. 
The  enlargement  is  due  to  two  canseH,  first  aod  chief!?,  to  increase  in 
the  |:land  tissue,  and  second,  to  augmented  l)lood-snpj>ly. 

This  increase  in  gland  tissue,  from  a  fjathological  point  of  view,  is 
very  instructive.      Whereat*  in  the  \irgin  gland  groups  of  acini  are 


>>,-. 


'!>:•< 


'\W 


^1^ 


(fl.  «i)  Acini  with  fiitty  epitliflium.  Tlie  acini  uta  much  more  imiiiprmui  thari  in  The  virgin 
iliil  i  tti«  oil  globules  atv  blttek4*nf»(I  l»y  th«)  percxomic  acid  ;  {h)  surrounding  strotuji  with  cntitiiiii(«c1 
1^  ft1«n  btACkened  by  the  pe^rosinic  acid  (Perrainle  aei<1  ftuti  Furimnto'  Sol,) 


seen  only  here  and  there  throughout  the  section,  in  the  lactating 
mamma  the  greater  part  of  the  section  h  taken  up  by  them.  The  new 
acini  ajipear  to  be  formed  by  fingerglovelike  protrusions  from  the  old. 
The  channels  of  the  onginal  acini  are  al&o  widened  and  the  epithelium 
altered  in  chai^cter.  In  place  of  being  a  double  layer  in  many  acini, 
it  ^ems  to  become  single.     The  cells  luive  lost  their  conical  shape  and 
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have  become  more  round  or  cubical.  It  looks,  in  fact,  as  if  the  super- 
ficial conical  layer  had  vanished  and  the  deep  round-cell  layer  had  become 
more  prominent.  Nearly  every  cell  contains  one  or  more  globules  of 
oil.  These  vary  in  size,  and  in  most  cases  seem  to  esca{)e  into  the 
channel  without  destroying  the  epithelium.  In  some  i)arts,  however, 
the  cells  are  seen  to  l>ecome  loosened  and  detached,  and  subsequently  to 
suffer  granular  disintegration. 


Polythelia  and  Polymastia  {irokxs,  manif ;  ^»/A>y,  the  nipple  : 
paurroiy  the  breast). 

1014.  Accessory  nipples  without  mammary  gland  and  accessory 
nipples  with  mammary  gland  are  met  with  in  l)oth  sexes.  Their  site 
is  usually  the  front  of  the  alKlomen,  but  they  have  also  been  found  in 
the  axilla  or  on  the  Iwick ;  it  has  even  been  assertetl  that  they  occur  in 
the  inguinal  region,  but  the  assertion  is  probably  founded  ujx)n  an 
error  of  observation.  When  located  ujion  the  alxlomen  they  are 
usually  symmetrical,  and  are  arnmged  in  a  per|3en<licular  line  lielow 
the  normally-<leveloi)ed  glands.  Sometimes,  however,  there  are  four 
well  -  develoiKMl  maninue  arising  in  couples  from  a  common  base. 
At  other  times  the  manmia)  api)car  to  be  normal,  with  the  exception 
of  a  supernumerary  nipple  on  the  lower  lH)r<ler  of  the  base  of  each. 

The  con<lition  of  ])olyniastia  is  evi<lently  a  reversion  to  an 
ancestral  tyjK*  whore  the  glands  have  Wen  multiple.  As  mentioned 
imder  "Dennoid  Cysts  of  the  Ovary"  (p.  438),  a  fully-<levelojKHi 
mammary  gland  and  nipple  have  Ihmmi  found  in  ono  of  these  jx^culiar 
structures.  Their  presence  in  such  a  situation  is  tiitficult  to  accoiuit 
for. 

Absence  of  one  or  both  mamma'  is  of  very  rare  occurrence. 


HyPKIITHoI'IIY. 

1015.  The  ciitloronct'  in  size  of  tlio  breasts  in  women  varies,  and  is 
u.sually  the  result  of  a  greater  or  loss  dovelopniont  of  the  intervening 
connective  tissu<»  and  fat.  In  sonii*  cases,  over  an<l  above  this,  there 
apjMnirs  to  1h»  an  e.xcoss  of  gland  tissue  —a  true  niacromastia  or 
hypertrophy.  The  glands  in  surh  a  case  become  so  heavy  and 
|M'n<iulons  that  amputation  has  Immmi  resorte<l  to  for  relief. 


Mastitis. 

lOKi.  Intlannnation  of  the  breast  often  ensues  from  injury  or  lacta- 
tion. In  the  latter  ease  it  tends  to  terminate  in  suppuration,  and  the 
abscess  is  situated  sometimes  in  the  endwdding  connective  tissue,  at  other 
times  it  also  involves  the  gland  stnictures.     The  abscess  may  open  and 
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leave  a  fistula.     Occasionally  these   fistulae   arise   from  a  tubercular 
source,  or  they  may  become  tubercular  from  exposure. 

Neoplasms. 

1017.  Their  Classification. — There  are  two  great  divisions  of 
the  tumour  diseases  found  in  the  mammary  gland,  namely,  into  those 
springing  from  the  epUhelium  and  those  taking  origin  from  the  connective 
tissue.  To  the  former  class  belong  the  adenomas  and  cancers,  and  to 
the  latter  the  fibrous  tumours,  the  sarcomata,  etc.  From  a  develop- 
mental point  of  view  the  mamma  may  be  regarded  as  an  integu- 
mentary gland.  Its  essential  secreting  structures  are  derived  from  a 
series  of  involutions  of  the  embryonic  integument.  The  epithelial 
cells,  however,  like  those  of  the  sebaceous  and  sweat  glands,  lose  their 
tesselated  character,  and  apparently  never  revert  to  it  even  in  the 
various  epithelial  growths  of  the  organ. 

Their  Diagnosis. — From  the  fact  that  certain  tumours  spring 
from  the  connective  stroma,  while  others  are  to  be  traced  to  the  gland 
elements,  the  simplest  microscopic  examination  is  often  sufficient  for 
their  diagnosis.  For  where  the  new  growth  has  arisen  from  the 
interacinous  tissue  the  acini  will  be  found  usually  to  be  preserved  or 
to  have  suffered  merely  from  the  pressure  of  the  tumour  which  lies 
between  them.  While  in  the  case  of  its  having  sprung  primarily 
from  the  gland  elements,  these  are  either  destroyed  (cancer)  or  are 
brought  into  unduly  great  prominence  by  being  overloaded  with 
cells  (adenoma).  Hence  in  the  diagnosis  of  any  mammary  tumour 
microscopically,  tJie  presence  or  absence  and  the  general  condition  of  the 
mamnmrg  acini  and  ducts  ought  to  be  first  ascertained.  If  they  are 
entirely  or  in  great  part  absent  from  the  tumour,  the  presumption  is 
that  the  new  growth  is  cancerous.  If  they  are  present  and  are 
packed  with  epithelium  and  deformed  in  outline,  the  presumption  is  in 
favour  of  an  adenoma.  And  if  they  are  present,  but  in  a  state  of 
dilatation,  without  great  epithelial  excess,  or  if  they  are  suffering  from 
atrophy  while  the  interacinous  tissue  is  peculiarly  dense  and  abundant, 
opinion  ought  to  incline  to  its  being  of  connective  tissue  type — 
most  likely  either  a  sarcoma  or  a  fibrous  tumour.^ 

The  state  of  the  nipple  is  always  a  matter  of  importance  in 
the  differential  recognition  of  mammary  tumours.  In  the  virgin,  the 
section  of  the  gland  presents  th^  appearance  represented  diagram- 
matically  in  Fig.  512,  A,  taken  from  a  frozen  section.  The  nipple 
protrudes  only  very  slightly  above  the  surface.  In  the  parous  woman, 
and  of  course  more  particularly  in  the  woman  who  is  suckling,  it  is 
protuberant 

^  The  microscopic  examination  of  any  tumour  of  the  breast  should  first  and 
chiefly  be  made  with  a  low  power  (50  Diams.).  A  general  scan  of  a  nection  of 
the  growth  under  such  an  amplification  when  the  above  points  are  attended  to  ^vill 
yield  more  information  than  any  other  form  of  inspection. 
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1018.  This  tumour  usimlly  grows 
patient  present!^  herself  for  examination  the  neo 
grout  iisc,  and  is  often  several  iniuncb  in  weight. 

It  teems  to  involve  the  greater  jjart  of  the  gland,  and  Indg 
forwards  in  a  mass   uf   lobulated  swellings.       The   skin   U    tightl 
stretched  over  it,  and  the  sup4Mficiul  veins  will  probably  be  foiun 
engorged. 


W'rm 


CO*, 


tsJj 


ami  <*tyn«rlnf  jiAltyV 


The  nipple  lies  on  the  surface,  but  iM  oittstrctche<l  and  Aattettcdi 
Imb  tlu  greftt  bulk  of  the  tiimour  iintlcrnrAth  (Fii^.  512,  C). 

Oil  itetfon,  the  tumour  pri'sirntA  tlie  homuj^eueous  appeamuce 
nn   nrrlinary  Hsirroma,   but   in  its  subi^t.inie   an?  uMuilly   numbers 
cysts  cciniaifiing  thin  milk,  or  a  thick  gelatinous  colloid  masM.      Beein 
that  the  type  of  wircomaious  growth  in  the  mamma  \a  tmialty  spindle 
cell,  the  eonaistence  of  the  tumour  ii$  tough  and  elastic.     In  csaM»|| 
howevert  where    the  tumour   i«   of    the   round -coll    variety,  a 
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occurrence,  it  may  be  so  soft  as  to  break  down  under  slight  pres- 
sure. 

The  skin  is  seen  on  section  to  be  much  attenuated ;  the  tumour 
presses  directly  upon  it,  but  does  not  involve  it.  Sometimes  it  gives 
way,  and  a  fungating  mass  may  then  protrude  composed  of  sarcoma- 
tous granulation  tissue. 

Throughout  the  whole  tumour  there  is  an  almost  complete 
absence  of  the  mammary  fat.  Even  microscopically  hardly  a  fat 
cell  is  to  be  seen  anywhere.  The  contrast  between  such  a  tumour  and 
the  cancer  of  the  breast,  in  which  islands  of  fat  are  almost  always 
bound  up  with  the  tumour  substance,  is  worthy  of  note  from  a  diagnostic 
point  of  view. 

The  oval -shaped  nuclei  of  the  spindle -cell  tissue  of  which  the 
tumour  consists  usually  stain  brilliantly  with  nuclear  staining 
reagents.  The  cells  are  seen  to  run  in  bundles  which  surround  the 
gland  acini  and  ducts.  The  proper  stroma  of  the  gland  has  entirely 
vanished.  The  gland  elements  will  sometimes  be  found  of  natural 
size,  or  even  partially  atrophied,  but  more  often  they  are  irregularly 
dilated  so  as  to  form  various-sized  cystic  cavities.  They  are  often 
invested  with  a  double  or  triple  epithelial  covering,  some  of  the  cells 
of  which  may  have  fallen  into  the  cavity.  Within  many  of  the 
dilated  acini  a  quantity  of  granular  matter  is  often  seen. 

The  occurrence  of  these  cysts  is  to  be  explained  most  likely  upon 
the  theory  of  retained  secretion.  The  tumour  grows  insidiously  and 
invades  the  gland  by  degrees.  It  gradually  supplants  the  proper 
intertubular  stroma  by  its  own  special  type  of  cell.  In  doing  so  it 
surrounds  portions  of  the  tubular  apparatus  of  the  mamma,  and  leaves 
others  comparatively  free.  At  the  same  time  it  appears  to  excite  the 
epithelium  of  the  acini  to  secrete  milk  or  colloid,  which,  not  finding  a 
free  outlet,  accumulates  and  causes  distension  where  the  pressure  of 
the  tumour  mass  is  least.  In  coiu*se  of  time,  however,  the  invasion  of 
the  tumour  becomes  universal,  and  then  the  cysts  are  found  lying  in 
the  interior  of  the  new  mass. 

Occasionally,  but  rarely,  these  tumours  have  melanotic  tendencies 
especiaUy  in  the  lower  animals,  and  particularly  in  the  bitch.  More 
commonly  in  Man  they  become  the  subject  of  myxomatous  degeneration. 


(2)  Fibroma. 

This  is  usually  a  single  tumour ;  sometimes,  however,  it  is  double, 
triple,  or  multiple;  and  it  may  happen  that  both  mammae  contain 
them  simultaneously.  Whereas  the  sarcoma  tends  to  infiltrate  the 
gland  more  and  more,  owing  to  its  excessive  activity,  this  tumour 
grows  usually  only  to  the  size  of  a  filbert  or  a  walnut,  and  then 
becomes  stationary.  So  that  while  the  sarcoma  may  be  regarded, 
so  to  speak,  as  a  tumour  or  swelling  of  the  mamma,  this  may  be 


Kiij,  is9,^Ktjiiu;M;»  Ti'MuiTk  o»  mii  Mamma  (kSM  Duma.) 
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trc  »o  hi^'hly  micle«t4?d  that  it  is  jii»t  a  qiie^tiou  wlicilier 
<1  be  vaWvA  tibruus  tAiinoiirs  or  sarcomata.  When  the  ^mwth 
^Itiiearont  the  tumour  tiswue  assumes  a  more  coarBdly  fibrous 
t€xtuM%  ami  the  nuclei  ur  nu debited  tibro-blastd  ulmoet  entirely  vaoiih. 
The  fibrous  tissue  rirjw  eotttruats  and  iuduces  atrophy  of  the  enclosed 
gland  elemenu.  The  epithelial  cells  become  small,  sliri%'ellod,  and 
grauuhir,    very   much   as    the  epitheiium   of   the   kidney   tul>os   dom 


,#Mneuts  without  contracting,  a-nrl  hence  presses  ujicqu:i!ly  upon  the 
Epuiil  elemcnt.s. 

This  tumour  us  a  rule  is  Leiugn,  ntul  cviij  lie  excised  lot-ally  without 
recuiTing,  There  are  civset^  on  record,  however,  where  a  mmoiu\ 
passive  in  its  tendencies  and  evitlently  of  this  kind,  has  suddeidy 
burst  out  into  embryonic  activjtj^  and  assumed  siucomatous  characters. 
It  iK)n]etiiDe3  becomes  myxomatous. 
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(3)  Adeiumia, 

1019.  A  fihjrous  tumour  is  often  diagnosed  as  an  adenoma.  The 
two  tumours  are  of  course  quite  different.  In  the  fibrous  tUTnouTi 
although  ^Lmd  elements  are  included,  they  sutfer  atrophy,  vrhilo  in 
the  adenoma  their  increase  in  numljer  and  size  is  the  essential  fefttttre 
of  the  disease. 

The  tumour  in  its  purely  udo  noma  tons  phase  is  shiu*ply  c  ire  urn- 
8cril>ed,  and  lies  embedded  in  the  gkud  tissue.  The  border  is 
defined,  and  the  subiitance  has  almost  the  hard  consisteuce  of  a 
cancer.  In  fact  the  tumour  looks  extremely  like  a  caneer,  with  the 
exception   thut  it  is  more  cireuniscnbt'd  and   1ms  a   more  regularly 


M 
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(«)  XomiAl  ftcUiui;  (K  <*)arli»i  <lUtriMltMt  with  fipttlifUum.  tiid  nrlth  Mronaary  Actnl  %m  I 
mldit ;  if)  «i]fr(m»41iif  ttniui*  of  Ui#  gUnd  (Lpgwiiod  aikI  fkfmlibi'  Sot,) 


rounded  shajie.  There  are  sometimes  several  of  them  in  one  gland. 
It  appears  to  have  little  influence  ujion  the  nipple,  and  do4M  not  tend 
to  become  adherent  to  the  akin.  There  is  a  great  inclination  to  its 
beeooiing  cancerous,  so  that  actually  one  part  of  a  breast  may  show 
the  eharacters  of  an  adenoma  while  another  is  distinctly  caneeroua. 

EmmiMi  jmenmcfpkaUy^  the  glandukr  character  of  x\\i\  tumour  is 
its  special  feature.  Huge  tuWrose  acini,  or^  more  prnjMTly,  sfnees 
filled  with  growing  c]»itheliunn  ahut  closely  u])on  one  another,  while 
the  intervening  struma  seems  progressively  to  recede,  llie  e[)iihelium 
is  polygonal  in  type,  and  apimius  to  \m  moulded  into  shape  by  the 
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pressure  from  neighbouring  cells.      Sometimes  within  the  distended 
acini  it  rearranges  itself  into  tube-like  or  acinous  structures. 

This  tumour,  as  aforesaid,  frequently  passes  into  a  cancer.  The 
manner  in  which  this  occurs  has  been  previously  described  (vol.  i.  p. 
403).  It  should  be  remembered,  however,  that  tumours  alleged  to  be 
adenomata  sometimes  disappear  spontaneously.  There  is  always 
doubt,  however,  as  to  what  such  evanescent  tumours  have  been. 


(4)  Carcinoma, 

1020.  Cancer  of  the  mamma  may  be  said  practically  to  be  always 
of  the  hard  or  scirrhous  type.  It  commences  as  a  rule  somewhat 
deeply  in  the  gland,  and  grows  up  towards  the  skin,  but  never,  so  far 


Fn;.  60S.— (ANrKR  ok  Mamma  (X4.M)  Diamh.) 
(n)  The  epithelial  cells  ;  (h)  the  stmiii.i  (Piero-cannine). 


as  the  author  has  seen,  implicates  its  epithelium — that  is  to  say,  in  the 
sense  of  the  latter  taking  on  a  cancerous  action.  The  skin  in  course 
of  time  may  become  adherent  to  the  tumour  and  ulcerate,  but  the 
epithelium  of  the  new  growth  and  that  of  the  integument  never  seem 
to  coalesce. 

The  edge  of  the  neoplasm,  as  felt  through  the  skin,  is  not  so 
distinct  as  in  the  case  of  the  connective  tissue  tumours.  The  mass 
appears  to  spread  out  more  irregularly  than  these  growths  do.  The 
nipple  is  often  retracted.  When  so,  it  will  be  found  that  the  tumour 
immediately  underlies  and  is  adherent  to  it. 

On  section  the  growth  \nll  be  found  to  consist  of  a  central  mass, 
from  which  processes  generally  radiate  in  a  stellate  manner  into  the 
neighbouring  fat  of  the  gland.  The  central  mass  is  very  hard,  feels  in 
some  cases  like  a  dense  cicatrix,  or  even  like  cartilage,  and  cuts  with 
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a  cninchi ng  sen^mtioii  like  that  exiKricnced  in  cutting  through  a  mw 
potato.  It  has  a  pinkish  colour,  and  minuto  yellow  fatty  spoU  arei 
genei^ally  ^^een  upon  iu  aiirface.  The  processes  tn  piercing  into  the 
noighbouring  fut  cause  it«  al)fiorptiou.  Little  islands  of  fat  are  cnclo^^^d 
and  in  course  of  time  disposed  of  (Fig.  512,  D). 

Although  thf*s*»  processes  are  v^ry  characteristic  of  cancer  of  the 
breast,  yet  it  ought  to  be  bcjrne  in  miuil  that  occiiiiionally  the  liorder 
the  tumour  is  comparatively  regidar,  like  that  of  an  adenoma,  iudeetl 
without  microscopic  examiiwtion  in  the^se  cases  it  in  inipos^ihle  to  fiiiy 
whether  we  have  to  do  with  the  one  or  the  other. 

The  ulcoraiiori  may  *"uuimenee  at  «ny  part  of  the  overlying  skin. 
Siunetimes  it  shows  first  in  the  areola  and  remains  circumiieribc<<l 
to  it. 

All  theine  tumours  contain  much  Bbmus  stroma,  and  this  haviii 
an  inherent  tendency  to  contract,  the  tumour,  inntoad  of  causing  A 
[irutnmion,  may  bring  about  a  shrinking  of  the  pirts.  To  ftudl 
the  tenn  atrophic  cancer  is  sometimcft  applied. 

Whcrt  the  tuujotir  has  been  allowed  to  go  on  growing  ^without  any 
att^empt  at  removal,  or  wheti  it  ha»  recurred  possibly  several  times,  after 
removal,  a  croj*  of  secoiMlary  jMj<lular  growths  may  devehtp  in  the 
neigh iKiuring  skin  and  immediately  subjacent  tissues  so  extensive  thai 
the  vvhtjle  of  the  frniit  of  the  chetit  may  Ijeeome  coveretl  with  them. 

The  axillary  glands  early   become  infected,  and  the  structuro 
of   the  new  giowth  in  them   is  identical   with   that  of  the   oi 
ueoplanm. 

Examiuol  ntitrosnrjfieall^  with  a  low  magnifying  jx»wer,  the  mo«t 
ftriking  fixture,  if  the  section  l>c  taken  from  the  centre  of  the  tumourt 
is  the  paucity  or  absence  of  gland  elenientii,  A  section  of  a  duct  may 
occasitmally  l>e  seen  emlM*d<ie<I  in  the  rancer  tismie,  but  in  m^nj 
pre}>arations  not  even  such  a  remnant  of  the  mammary  stnictnrt 
retuaitis*  This  is  accounted  for,  at  the  [loint  of  origin  of  the  tumaur 
at  any  rate,  by  the  transformation  of  the  ghiml  acirn  into  the  canoer 
stnictnre  (vol.  i  p.  40iJ). 

Cirant4xl  that  this  is  so,  how  is  it  that  the  remainder  of  the  gl 
disapjKMirs  f  We  must  admit  either  that  the  ejiithelium  of  oth( 
portions  of  the  gland  l>ecf»n)c'R  eancerously  infect cfl  from  the  prinutfy 
focus,  or  that  their  destniciion  is  the  result  of  atrophy  and  ftbaorpdcm 
fnjm  the  ingrowth  of  the  actively  gniwing  cancer  mass  among  the 
gland  duct^  and  their  t4?rTni nations.  The  latter  seems  to  l»c  the 
more  likely  explamition,  for  the  neighkourhu04l  of  a  duct  or  an  aciuii 
is  sometimes  seen  to  become  invaded  by  cancer  without  any  preHniin 
fliHtension  of  the  rhannels  of  these  structures  with  ej»ithelium-  Th 
only  alteration  within  the  gUind  elements  under  such  circunistaiicei* 
apjwar^  t<i  l»c  of  a  retrogressive,  nt>t  of  a  progressive  character,  T 
disease  semns  to  start  evidently  within  one  of  the  fifteen  to  tweni 
•e]ianite  glands  of  which  the  mamma  conRists,  ami  la  \ie  confine 
to   tJiis   in  the  adetiomatous   ^tage        But  after  the   epithelium 
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escaped  into  the  surrounding  stroma  it  ramifies  through  all  the 
mammary  lymph  spaces,  distends  them,  and  thus  converts  them  into 
the  alveoli  of  the  tumour. 

The  stroma  is  often  extremely  fine  and  the  meshes  small.  It 
differs  from  the  fibrous  tissue  of  the  healthy  gland  in  its  peculiar 
fineness.  In  some  old  cancers,  more  especially  such  as  have  undergone 
fatty  degeneration,  no  doubt,  it  may  be  coarser,  but  even  in  these  it 
has  not  the  same  characters  as  that  of  the  normal  gland.  It  is 
also  more  highly  nucleated,  and  many  fibroblasts  may  be  met  with  in 
it.  The  stroma  of  the  tumour  is  not  merely  the  fibrous  tissue  of  the 
gland,  but  that  tissue  in  a  state  of  proliferation. 

The  cells  of  the  tumour  always  possess  certain  definite 
characteristics.  They  are  spheroidal  or  polygonal  according  to  the 
pressure  exerted  upon  them,  and  contain  one  or  more  large  nucleL 
They  are  aggregated  in  angular  alveoli  or  stretched  out  in  single 
rows  into  tube -like  spaces  within  the  surrounding  stroma.  This 
tubular  sort  of  arrangement  is  peculiarly  characteristic  of  mammary 
cancer.  They  sometimes  become  fattt/ ;  more  rarely  they  undergo 
colloid  degeneration.  The  stroma,  when  either  of  these  occurrences  takes 
place,  is  left  dissected  out. 

(For  description  of  the  transformation  from  the  adenomatous  to  the 
cancerous  stage  of  the  tumour,  see  vol.  i.  p.  403.) 

Pagefs  Disease  of  the  Nipple. — In  the  year  1884  Paget 
(No.  437,  X.  p.  87)  drew  attention  to  a  peculiar  aflfection  of  the  skin 
of  the  nipple  and  areola  which  often  precedes  the  appearance  of  a 
mammary  cancer.  He  compared  the  disease  to  what  would  be  termed 
in  dermatology  "  chronic  eczema,"  "  psoriasis,"  or  something  of  this 
kind. 

It  rarely  shows  itself  before  the  age  of  forty  years,  and,  affecting 
the  parts  at  first  superficially,  is  followed  by  a  cancerous  infiltration 
of  the  gland  in  from  two  to  six  years  afterwards.  The  disease  is 
almost  always  unilateral,  and  usually  commences  by  the  formation  of 
small  crusts  or  horny  accretions,  which  on  being  removed  show  an 
underlying  rosy  red  basis — it  may  be  a  little  ulceration,  or  even  a 
fissure  or  two.  Elsewhere  the  lesion  asserts  itself  as  an  erythematous 
or  slightly  scaly  affection  of  the  skin.  In  course  of  time  this  may 
also  become  ulcerated,  granular,  and  cracked.  The  disease  is  dis- 
tinguishable, however,  from  ordinary  eczema  by  the  condition  of  the 
border,  which  is  sharply  demarcated  from  the  healthy  skin  and  is 
raised  up  into  a  pale,  rosy,  cushion-like  }md.  The  nipple  tends  to 
become  retracted  and  the  disease  spreads  successively  farther  and 
farther  outwards. 

Thin  held  (No.  192,  xxxii.  1881,  p.  218)  that  the  atfeotiou  is  neither  an  eczema 
nor  any  known  specific  skin  disease,  but  **  a  destructive  dermatitis  of  the  papillary 
layer,"  and  he  supposes  that  it  is  induced  by  a  cancerous  affection  of  the  lactiferous 
ducts — a  so-called  duct  cancer — close  by  their  exit  upon  tlie  nipple.  The  morbid 
ducts  throw  out  a  secretion  which  induces  the  skin  affection  in  question.     Whether 
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the  nppettruioea  h»  flgUTCs  f<*^.  Fig.  4)  can  bo  rt>g«rded  ms  those  even  of  incip 

cancer  m^y  he  o{>en  to  qurstion.     They  closely  resemble  dcstjaftniiiUve  or  cfttmirli 
coDilJiionB  met  with  in  tlii;  ductN  umU'r  ottiur  lircumsUiiceA. 

WkkhAin  (No.  .^1U)  eoiitlniis  Thin'^i  oliAcrvntion  of  the  duct*  being  filled  will 
liroUfcrntinjf  epitheliuni,  but  takes  the  view  that  the  nfTcctiou  i»  CfiwntkUy  «  ymt%* 
iitical  oiiCf  due  to  the  pre&etice  of  (tfiorofi|ieniitii. 

In    two   iinpers   presented    to    the   Soci^te   de   l>it)h*giv  *    Daric 
descrribetl  how  he  had  found  psorospermta  in  the  epilhcHtd  cells  i4 
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^'-pA^if'*  UiitiuMc  or  TtiK  Ntrrut  (xaou  Duiim.) 


(«>  lgu|i#rtl(rbil  »t»HUIkii|t  fpltlivrmU ;  (t»>tl«p|*  layvrnf  tiiii*,  villi  v«nuit«t«d  c«U»C|Minw|« 
r,  r|  9obtAiiM«l  Ui  llii*  Intirqvpilkrjr  pnirwiM:  (f/))ifttrtn>'\oai)atrrti«.|«nkltiji  t^^iiitUf^  la]i«rat  i 
roil*  irtm  ;  (#>t{iir|H»r  lAX«'r«^  t^i*  ltiif»)%k»ii  tnnUralMl  with  moatl  ntiiiMt  cHU  <PkTixanal])«  i 


tho  upidermis  uf  the   |wrt»  iifTtH'ttMl  by  this  di!5<**isi%  nnd   tnice<I  T 
condition  of  the  skin  to  »  jmni»itical  t»rigin.      In  this  tHiuntry  ilutrhirj*] 
ion  jun.  (No.  192,  xli.  1890,  p.  214)  confirnuMl  l>»nVr«  ithscrvatiuii 
These  pAorospei-mia  are  roferrod  by  Leuckart  to  ihe  antnial 

>  Bee  Bullvtlti  oii^tit^ftl  of  April   17,  IBm,  luiil  eluo  the  Comt^ee  madni  ol 
OPKgr^  iotenrntionAl  lU  Deriuetologie,  •vencc  of  Hth  AugUfi  1$a$»     A  gM 
of  IliU  end  other  uiAttvri  oounteted  with  the  UlMietc  A*  to  be  foiiait  In  Wkkluun^e 
atTMdjr  referred  to. 
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dom,  and  are  looked  upon  by  him  as  protozoa.  They  are  unicellular 
organisms,  and  are  found  within  vacuoles  in  the  interior  of  epidermic 
cells.^ 

Accordincr  to  Wickhara,  the  epithelial  cells  which  contain  them  proliferate,  the 
epidermis  thickens,  the  ducts  of  the  glands  become  filled  and  engorged  by  the 
proliferation  of  their  epithelium  consequent  upon  the  presence  of  the  psorospermia. 
The  process  is  accompanied  by  inflammation.  The  duct  finally  bursts,  the  contained 
epithelium  escapes  into  the  connective  tissues  of  the  gland,  and  a  cancer  results. 
The  new  epithelium  meanwhile  continues  to  harbour  the  organisms  in  question. 

These  bodies  are  found  not  only  in  the  epithelium  of  the 
eczematous  nipple  and  areola,  but  also  later  on  in  that  of  the 
cancerous  tumour.  Hence,  although  nothing  definitely  is  as  yet 
Icnown  of  their  significance,  they  are  supposed  to  be  in  some  way 
intimately  related  with  this  and  other  forms  of  cancerous  disease. 

It  should  be  mentioned  that  this  pseudo-eczematous  atfection  of 
the  skin  as  a  precursor  of  cancer  is  not  confined  to  the  neighboiu*hood 
of  the  mamma,  but  has  been  found  in  other  situations  such  as  the 
scrotum  and  penis. 

(5)  Multiple  Colloid  Tumour, 

1021.  There  is  a  peculiar  gelatinous  or  colloid  tumour  disease  of 
the  female  mamma  in  which  the  tumours  are  multiple.  They  are 
situated  deeply  in  the  gland,  are  usually  about  the  size  of  a  hazel 
nut,  and  have  a  fairly  distinct  border.  When  examined  micro- 
scopically it  is  evdent  that  they  are  intra-  not  interglandular  forma- 
tions. They  consist  of  groups  of  acini  distended  with  a  homogeneous 
colloid  substance.  The  epithelium  lining  the  acinus  seems  to  have 
become  almost  entirely  converted  into  colloid.  The  history  of 
tumours  presumably  of  this  type  is  that,  if  left  alone  or  subjected  to 
graduated  pressure,  they  disappear. 


(6)  Cariilagiiu/us  and  Osseau^^  Tumours. 

1022.  These   have  been  alleged  to  gi'ow  in  connection  with  the 
gland,  but  they  are  so  rare  that  they  may  almost  be  put  out  of  account. 


(7)  Cijds. 

1023.  When  any  obstruction  occurs  in  the  course  of  a  mammary 
duct  the  portion  behind  is  liable  to  become  cystic.  As  previously 
described  (Sect.  1018),  such  cysts  are  common  in  all  the  connective 
tissue  tumour  diseases  of  the  gland.  They  also  occur  where  there  is 
no  such  neoplasm. 

'  See  *'  Auinial  Parasites." 


of  lli«»  Mcini  (Virvnf-r^nuitw  AU*i  I'^rnint*  Snl.j 

Afl   beforti    i^einiirktHl,    cyst^   ;u«-'    \ciy    uncrmimon    in  mamn 
cancer.     It  may  happen,  however,  that  a  cyst,  |>erhiipa  about  the  sh 
of  a  large  hazel  nut,  develoj^s  immctliAt^jly  l»encttth  the  i^kin  covermj 
«ich  a  tumuur.     It  will  probaUy  Ik?  fumitl  to  coiit4Uii  iJee|>ly  blc 
stained  f\nu\  mu\  U*  havi^  n  filinmfi  wiill.       Inti*  ita  cavity  a  war 
exrrescenct*  with  ili'ntlriiic  extremities  may  project,  aa  in  the  foreg 
ease,     Tlie  ti^^^ue  of  the  warty  giowth,  hoivever,  difleru  from  that  ii 
the  simple  cyst,  in  the  fact  that  it  consitits  of  tnie  aincer  tii^sne  alilctl 
with  that  of  the  niain  tumour  nm&r^,  and  that  the  layer  of  rohimuarl 
epithelium  prenent  in  the  foregoing  is  a1i«ent  in  l!ii«.     Whether  or  n«il 
the  cy^t  originates  in  a  dtict   in  not  cjuite  clciir.     The  MoimI  stained  J 


The  organisms  of  s!ip|>ur!itioii  found  in  iiianimary  abscess  as  in 
other  uhficesses  arc  staphylot'occt  ami  streptococci,  Tlieso  may  be 
brought  to  the  mamma  by  the  blaod-vessels,  in  %v  liich  case  they  appear 
lo  be  chiefly  stuphiflw^occi.  The  abscess  induced  by  tliem  commences 
deeply.  The  cocci  pass  from  the  blood-vessels  into  the  siuTouiidiug 
tissues.  In  the  majority  of  canes,  however,  the  sL^phylococcus  apjiears 
to  penetrate  the  gland  along  the  course  of  the  milk  ducts^  and  escape 
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into  The  cellular  tifwuc  from  the  acini     The  stnptoMcu  oq 
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hniul,  it    in  Hai.l,  minify  chicHy  in  the  lymphatics,  and  superficially. 
Thoy  may  Kain  mitraiice  t..  the  i;laiul  through  a  fissure  in  the  skin. 


mriy  be  mistaken  foi 
Jimes  found* 

LiUmiurf  on  Dmasen  of  Ike  Mamntary  Gland.— Billroth  t  ('ydu|i.  of  Obatet, 
"  "jriiec,  ix,  1R87»  |),  1  ;'<ih(u  Die  Kiauklieitt^n  iler  BrustdnheTK  1880.  Birkett : 
vs  of  the  Breast,  1850  ;  »'-''■  nlvj,  lloliiios'  8yst.  Surg.  Bryant  (Il<"tri«?kMl 
e) ;  Urit.  Mtd.  Jourii.,  1866,  ii.  p.  rj:i5.  Bumm  i  IiifliimmtttioiiH  of) ;  Sttimijl 
tin.  Vfirtnige,  1886,  No.  282  (Oyniik..  No,  79,  y,  20 1.^).  Coen :  Beitr.  z,  |with. 
liiit.  II.  PliYftioI,,  Jeiia,  1887,  ii\  \k  S'h  Creighton :  I'Livsiolo^v  and  l*nthult>gy  of 
Br^Ast,  1878.  Drejfuss :  AiyIj.  L  i*flth,  Ati'it.,  ixiil  1888,  i>.  635.  Gross: 
Qotii-s  4if  ibe  MaiDniaiT  Cikinl»  1880;  <ftho,  Ann^riciin  Syst.  tif  f'Vuaec,  iu  1888, 
197.  Handyside  ;  PolyiurLstia  iti  Bmtliers) :  Jouni.  Aimt.  una  iMiysiol,,  vii. 
173,  j».  5<3.     Kolessnikow  iTuWrck'  in  Cow) :  Arcli.  f.  |iiith.  Anat.,  Ixx.  1877,  p. 
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531.  Lang^hans  (Membrana  Propria  in  Health  and  Disease) :  Arch.  f.  ]iath.  Anat., 
Iriii.  1873,  \\.  132.  Leichtenstern  (Supernumerary) :  Arch.  f.  {lath.  Anat.,  IxxiiL 
1878,  p.  22^2.  Leudet  (Good  Synopsis  of  Literature) :  Arch.  gen.  de  Med.,  18S({,  i. 
p.  18.  Murchlaon  (Supernumerary  Nipples) :  Trans.  Path.  Soc.  Lon<l.,  xvii.  1866, 
p.  426.  Pas:et  (Dis.  of  Mammary  Areola) :  St.  Barth.  Hosp.  Rep.,  x.  1874.  p.  87. 
Thin  (Duct  Cancer) :  Trans.  Path.  Soc.  Lond.,  xxxiL  1881,  p.  218  ;  «/*»  (Eczema 
of  Nipple),  Med.  Times  and  Gaz.,  1879,  ii.  p.  782.  Wickham  :  Mala<lie  de  Paget. 
1890. 


CHAPTER   LXXXVIII 

DISEASES  OF  BOKE  AND  JOINTS 

Structural  Significance  of  Bone. 

1025.  Bone  is  essentially  a  calcified  fibrous  tissue.  Its  matrix  can 
be  resolved  into  a  fibrous  tissue  not  materially  different  from  that 
existing  in  other  imrts  of  the  body  ;  and  the  bone  corpuscle  is  to  be 
regarded  as  a  connective  tissue  coq)uscle  possessing  the  inherent 
power  of  throwing  this  out  as  a  secretion  from  its  protoplasm. 
Whether  the  lime  and  magnesia  salts  of  bone  matrix  are  secreted  by 
the  bone  corpuscles  or  are  merely  thrown  down  in  the  matrix  directly 
from  the  blood  remains  uncertain.  In  favour  of  the  first  view  is  the 
fact  that  the  ossification  of  metastatic  bone  tumours  follows  the 
proliferation  of  their  cells  ;  while  in  justification  of  the  second  it  may 
be  recalled  that  the  calcification  of  the  matrix  of  hyaline  cartilage 
which  precedes  true  ossification  follows  the  course  of  the  penetrating 
blood-vessels. 

Like  the  cornea,  and  probably  also  hyaline  cartilage  (Thin),  the 
organic  matrix  of  bone  is  laminated ;  and  the  laminae  are  so 
arranged  as  to  afford  the  greatest  measure  of  support.  Bone  is 
proWded  with  hlrnxjlr  and  h^mph-vessels,  and  with  nerves^  like  any  other 
connective  tissue,  so  that,  all  things  considered,  the  structural 
alterations  ensuing  within  it  as  a  result  of  disease,  presumably,  should 
correspond  with  those  of  any  other  dense  fibrous  tissue. 

Development  of  Bone. 

1026.  There  are  said  to  be  two  methods  whereby  bones  develop  and  grow — the 
infra -cartilaginous  and  the  intra-mcmbranom.  The  one  is  exemplified  in  the 
ossification  of  the  cartilaginous  rudiment  of  a  long  bone,  the  other  in  that  of  the 
flat  bones  of  the  skull  and  face  and  in  periosteal  ossification. 

It  may  be  questioned,  however,  whether  there  is  any  real  difference  in  the  two 
methods.  Did  the  cartilage  become  directly  transformed  into  bone  there  would  be 
some  show  of  reason  for  regarding  the  two  methods  as  appreciably  different.     We 
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know  to  the  contrary  that  this  is  not  the  case.  For  the  alterations  within  ossifying 
cartilage  are  mainly  those  which  point  to  its  absorption  ;  it  is  into  the  vacuities 
caused  hy  its  removal  that  the  blootl-vessels  and  osteoblasts  penetrate,  and  it  is  in 
these  that  true  ossification  commences— an  ossification  which  does  not  mstemlly 
differ  from  that  which  is  seen  in  periosteum.  The  bones,  and  the  term  is  also 
applicable  to  their  cartilaginous  predecessors,  have  from  the  earliest  times  to  betr 
strain.  They  also  act  as  ]K)ints  of  resistance  to  contractile  tissues.  Hence,  from 
the  first,  it  is  necessary  that  they  l>e  composed  of  a  comj^act  substance.  It  seems 
therefore  that  the  )>rimitive  cartilaginous  condition  of  the  bone  is  simply  a  means 
of  affording  a  sui)jwrt  safticient  for  the  time  being.  The  cartilage  no  doubt  acts  as 
a  convenient  mould  in  which  the  future  bone  can  be  fashioned,  but  it  is  questionable 
whether,  strictly  8i»eaking,  it  has  anything  to  do  with  ossification.  It  mast  be 
borne  in  mind,  however,  that  the  two  tissues,  bone  and  cartilage,  are  cloeely 
related. 

A  long  bone  such  as  the  os  femoris  or  tibia  is  at  first  entirely  cartilaginous,  and 
pres^Mits  in  rough  outline  the  shai)e  which  it  will  eventually  assume.  It  is  provided 
with  a  jH*richondrium,  consisting  like  i»eriosteum  of  a  8U]»erficial  and  a  deep  layer. 
The  superficial  layer  runs  over  the  joint  as  its  cai)sule,  while  the  deep  layer  unites 
with  the  cartilage  of  the  en»l  of  the  bone,  and  does  not  proceed  farther  than  the 
l»oiut  which  will  mark  the  future  junction  of  the  ej>iphysis  and  the  shaft.  The 
same  arrangement  continues  throughout  adult  life.  The  sui>erficial  layer  of  the 
perichontlrium  Wconies  that  of  the  jMiriosteum,  and  the  deep  layer  is  so  modified  as 
to  constitute  the  deep  or  osteogenetic  layer  of  this  membrane.  The  cartilaginous 
phase  in  the  history  of  the  bone  may  be  called  the  first  period  in  its  development. 

!'[)  till  now  the  periosteal  and  cartilaginous  rutliments  of  the  l>one  are  devoid  of 
blood-vessels.  A  second  period  is  ushered  in  by  the  advent  of  vascularity  and  by 
the  jHjnetration,  in  course  of  time,  of  the  vascular  twigs  into  the  cartilaginous  basis. 
Those  which  ap|»ear  first  show  thenisilvi's  in  tlie  ou/rr  htyrr  of  jt^rirhondriitm  and 
run  parallel  to  the  long  axis  of  the  bone.  They  are  distribute»l  primarily  only  to 
the  diaphysis  or  shaft  ;  the  cpiphustH  receive  tlu-ir  blood-supply  from  the  ramifica- 
tions of  the  i>erforating  or  nutrient  artt*ry.  From  the  main  branches  in  the  outer 
layrr  of  th«'  i>crichondrium  smaller  branches  ka«l  otf  int«»  the  (hf'}t  hiurr. 

While  this  vascularisation  is  taking  place  the  deep  hiyer  t»f  the  iHMichondrium 
is  slmwing  unusual  activity.  The  greater  i>art  of  the  original  dee]»  layer  Itecomes 
«onverted  into  a  lamina  «)f  bone  r>irch\  Some  of  its  rells,  lu)wever,  remain  free, 
and  these  i»roliferate  actively  so  as  to  constitute  a  highly  cellular  basis  to  the  other- 
wise fibrous  investing  membrane  of  the  devel«H'ing  bone.  This  cellular  layer  goes 
by  several  names.  It  is  known  usually  as  the  "osteogenetic  layer."  Virchow 
called  it  the  "proliferative  layer"  ;  Strelzofi  the  '*  osteojilasti"*  layer"  ;  and  Kanvier 
the  ••  jM-rio-steal  meilulla."  The  cells  of  whi.h  it  mainly  consists  are  called!  osteo- 
blasts. Kach  vessel  of  the  deep  layer  and  its  surrounding  osteoblasts  is  enveloped 
in  a  tr.ib.enlar  sheath  of  fibrous  tissue,  which  later  on  Umouh's  transforme<l  into 
."^liariK-y's  fibres.  The  osteoblasts  now  begin  to  throw  out  a  matrix.  It  is  fibrous 
at  first,  an«l  within  it  canaliculi  are  to  Im-  seen.  The  ostet)blasts  are  encloseil  in 
lillli-  spa<  cs  furuHd  by  recesses  or  intervals  brtweeu  two  a<ljacent  fibrous  lamina*. 
Thes«'  >pa. fs  become  tlie  future  lacunse  antl  the  ostetiblasi  the  bone  corpuscle. 

The  J»ro<•e^s  So  far  is  veiy  much  like  that  ['ursued  in  the  format i(»n  of  ordinary 
librous  tissu«*.  The  tleposili(»n  of  lK>ne  salts  next  follows,  whereby  the  {K^riosteal 
l.imelhe  an-  tran^formed  into  bone  matrix.  The  si>ace  surrounding  the  Ijone 
.  iirpus.-h-  i^  evidently  lined  with  a  cement  substance  which  aKo  suffers  calcification, 
.in«l.  similaily.  thf  (analiruli  undergo  conversion  into  retrular  tnU's. 

The  bone  thus  form«'d  is  at   first  of  the  <  ancellous   tyi»e.     Intervals  are  found 
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between  its  trabeciilre  which  enclose  the  periosteal  vessels  surrounded  as  above 
described ;  these  are  known  as  Haversian  spaces.  By  the  successive  deposition 
of  bone  lamellae  on  their  interior  these  spaces  become  narrowed  down  to  the 
capacity  of  Haversian  canals,  but  each  still  retains  its  primitive  blood-vessel  derived 
from  the  periosteum.  The  periosteal  bone  thus  constitutes  a  shell  or  crust  to  the 
cartilaginous  part  of  the  bone  within. 

The  next  event  of  importance  is  the  penetration  of  the  nutritive  artery  of  the 
bone  through  the  casing  of  periosteal  bone,  and  subsequently  its  ramification 
throughout  the  cartilage  in  its  interior.  It  pierces  at  a  point  about  the  middle 
of  the  shaft  and  makes  its  way  towards  the  centre  of  the  cartilage.  Here  it 
divides  into  two  main  branches,  which  pass  upwards  and  downwards  towards  either 
end  of  the  bone.  Secondary  branches  are  given  off  ultimately  to  the  epiphyses.  In 
some  cases  one  set  of  branches  anastomoses  directly  with  another ;  while  in  other 
cases  the  terminal  branches  pass  immediately  into  veins  without  the  intervention  of 
capillaries.  A  gioup  of  branches  also  runs  in  an  arcuate  fashion  throughout  the 
cartilage  and  unites  with  large  venous  stems  beneath  the  periosteum  (Maas,  No.  92, 
XX.  1877,  p.  723).     Wherever  arterial  branches  pass  ossification  commences. 

Previous  to  the  time  when  tlie  nutritive  artery  penetrates,  however,  the  cartilage 
in  the  interior  has  been  preparing  itself  for  ossification.  Tliis  preparation,  in  fact, 
seems  to  commence  with  the  appearance  of  tlie  i>eriosteal  vessels,  and  consists  mainly 
in  a  calcification  of  the  matrix  of  the  cartilage  and  a  multiplication  of  the 
cartilage  cells.  Towards  the  epiphysial  ends  these  cartilage  cells  split  transversely 
to  the  long  axis  of  the  bone,  and  around  each  a  capsule  forms  in  the  matrix.  Rows 
of  cartilage  capsules  thus  result  with  their  contained  cells  ;  and  the  rows  lie  of 
course  in  the  long  axis  of  the  bone. 

This  calcification  of  the  matrix  is  a  very  curious  phenomenon,  and  is  probably 
a  measure  for  strengthening  the  cartilage  during  the  time  when  it  is  l)eing  absorbed. 
Various  explanations  have  been  given  of  its  canse,  the  most  plausible  being  perhaps 
that  it  is  due  to  the  increasing  vascularity  of  the  embryo  bone  and  its  surroundings. 

Into  whatsoever  jmrts  the  vessels  spread  they  scoop  out  cavities,  or  at  least  their 
})rescnce  is  accompanied  by  the  scooping  out  of  cavities,  in  the  surrounding  cartilage. 
The  actual  excavation  seems,  in  part  at  least,  to  be  effected  through  the  agency  of 
the  cells  which  lie  around  the  i)euetrating  vessels.  These  enlarge  and  api»ly  them- 
selves to  the  cartilage  about  to  be  absorbed.  They  sometimes  go  by  the  name  of 
chondroclasts.  The  cavities  so  scooi>ed  out  are  mostly  elongated  and  arranged  in 
rows  in  the  long  axis  of  the  bone.  Between  them  are  the  column-  or  pillar-like 
remains  of  the  calcified  cartilage. 

It  is  within  these  spaces  in  the  matrix  that  the  cartilaginous  ossification  com- 
mences. The  cells  which  envelop  the  twigs  of  blood-vessels  are  in  great  part  of  the 
nature  of  osteoblasts,  derived  most  likely  from  the  original  iK'riosteum.  As  the 
cartilage  becomes  absorbed  the  cartilage  cells  are  lil»erated,  and  there  is  a  difference 
of  opinion  as  to  whether  they  perish  or  l)econie  converted  into  osteoblasts.  The 
former  view  is  the  one  which  finds  most  favour,  namely,  that  they  suffer  disintegi-ation 
and  vanish,  and  that  the  bone-forming  cells  are  in  reality  the  periosteoblasts  carried 
in  by  the  blood-vessels  from  the  enveloping  membrane.  Successive  lamina-  of  bone 
are  dej^sited  within  the  absorption-spaces  in  the  cartilage  until  these  are  nearly 
filled  up.     The  remaining  i>art  of  the  sj-wice  becomes  a  Havei-sian  canal. 

Tlieu  follows,  curiously,  a  stage  of  absorption.  The  cartilage  up  till  this  time  is 
entirely  beset  with  cancellous  bone.  The  modelling  of  the  bone  necessary  to  confer 
uj->ou  it  its  ultimate  shai»e  and  to  furnish  the  medullary  canal  now  commences. 
This  is  effected  mainly  by  the  absorption  of  certain  jwirts  of  the  spongy  bone  just  laid 
down.     The  manner  in  which  the  absori»tion  is  accomplished  is  afterwards  explained 
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(p.  815).  As  the  greater  jiart  of  the  endochondral  bone  is  Iteing  removed  to  be  re- 
placed by  the  medulla,  the  surrounding  periosteal  crust  becomes  denser  by  the  filling 
up  of  the  cancellous  vacuities  within  it,  and  thus  comes  to  constitute  the  main  bulk 
of  the  shaft. 

The  endochondral  ossiticatiou  proceeds  more  rapidly  at  certain  parts  than  at 
others.  Tliese  are  named  points  of  ossification.  The  small  bones  of  the  wrist  and 
ankle,  along  with  some  others,  )K>ssess  only  one  such  (toint  of  ossification.  In  a  long 
bone,  however,  there  are  usually  several,  those  at  each  end  marking  out  the  epiphysen. 
Tlie  various  ossifying  areas  glow  towards  each  other,  and  coalesce  on  the  intervening 
cartilage  being  absorln-d. 

In  the  ossification  of  a  flat  bone,  such  as  the  i>arietal,  the  phenomena  are  very 
much  alike  witli  those  seen  in  the  develojnnent  of  l>one  from  i>eriosteum.  Both  are 
purely  intramembranous,  ami  tak«*  i)lace  without  the  occurrence  of  any  substitution 
bone  in  tlie  form  of  a  cakitie«l  cartilage. 

GHtmTH    OF   BONR 

10*27.  At  the  time  of  birth  the  bones  in  Man  are  partially  ossitiwl.  In  the  long 
bones,  however,  the  e<mlescence  of  the  epiphyses  and  shaft  is  not  effected  until  the 
growth  of  the  Uine  is  tinishe<l,  and  d(K*s  not  take  place  consequently  till  comjiara- 
tively  late  in  life.  There  remains  a  l>ar  of  blue  hyaline  cartilage  between  the  bony 
centre  of  the  epiphysis  and  the  einl  of  tlie  shaft.  It  is  by  the  proiluetion  of  succes- 
sive relays  of  bone  tissue  at  the  diaphysial  margin  of  this  cartilaginous  plate  that  the 
bone  incR'ases  in  length.  Ex|M>riment  seems  to  disprove  the  sup{»osition  that  the 
bone  lengthens  by  interstitial  increment.  IVgs  inserted  into  the  shaft  of  a  growing 
bone  do  not  beeonie  further  sejuiratt^l  as  the  bone  increases  in  length  (Hales, 
Hunter,  ete. ). 

The  epiphysial  Iwr  of  eartilagf,  lutording  to  Hus^h  (No.  43,  .x.\i.  1884,  p.  213),  is 
connecteii  exclu>ivrly  with  the  ossitieation  of  the  sh;ift  ;  and  this  is  l>onie  out 
by  the  fi<t  tli;it  the  cartilagi*  erlls  arrange  themselves  in  rows  t>nly  on  the  sid«' 
a^ljaetnt  to  tin*  di-tal  end  of  the  iMine.  Tlie  epiphysis  seems  to  ossify  sejiarately, 
and  chietly  ujK»n  iis  arthiodial  aspfet.  Its  ossification  even  here  is  never  complete  ; 
parts  tif  tln'  original  r.utilagr  an-  left  as  the  permanent  articular  cartilages.  The 
j>eri(>st»'uni  uailns  only  to  the  junction  of  ipiphvsis  and  shaft.  It  has  nothing  to 
do  with  epiphysial  ossification. 

IWtwecn  the  bar  (.f  blue  hyaline  cartilage  and  th»'  bony  shaft  there  is  a  line  which 
to  thf  naked  « yr  is  niarkcd  off  from  sun«»nnding  parts  by  its  unusually  great  vascu- 
larity and  »niisr.jij.'ni  n-dntss.  h  is  kntiwn  as  tin*  epiphysial  line,  Ix'cause  it 
s<*i«iratrs  thf  ♦  piplivsis  fmni  the  ivinain<ler  of  tin'  bone.  Within  it  are  to  l»e  seen 
the  absorption  sjmcrs  tuninUrd  out  in  the  cartilaginous  bar  of  tlu'  epiphysis.  Thes»* 
s|iaces  contain  1»1o<m1- vessels  surrounded  by  osteoblasts,  and  the  osteoblasts  are  en- 
gage<l  in  dcp<. siting  layer  iijmmi  layer  of  bom*  tissue  within  them.  As  the  cartilage  is 
absorlM-d  n»\v  »•  iitilap-  i>  <le]M)>itcd  in  the  epiphysis,  and  this  sutfers  a  like  fate.  Tlie 
epiphysis  thus  continues  to  furnish  a  supjM»rt  sufficient  for  tem|K»rary  j»ur|Kjs<»s,  which 
also  srrvts  as  a  mould  in  wiiieh  the  future  bone  may  \h-  east.  As  the  l^)ne  increases 
in  length  the  ej>ip|iy>is  i»»  pushed  farther  and  fartln-r  away  from  the  centre  of  the 
nhaf't  until  the  time  \vh»n  a  fusion  t>f  the  epiphysial  and  dia]>hysial  bone  arrives. 
When  this  fusion  is  comphted  growth  of  the  bone  ceases. 

If  th-  'jnjjhif<is  f»  nmiirxl  almnj  with  thf  f}n}thiisial  Ii)u,  gn)Wth  at  that  end  of 
the  btiue  i-.  arrested.  //  //»/  (jiijihif^i'i/  ///»#  /•  ///"/,  it  is  probable,  as  Humphry  states 
(No.  :n,  \lv.  Isj'.j  ,  that  tin-  growth  *»(  the  Imne  will  Im-  completely  or  nearly  alike 
with  that  on  the  op|»osite  side  of  the  l>ody. 
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It  has  been  asserted,  however,  that  long  bones  have,  in  very  rare  cases,  been 
observed  to  grow  after  union  of  the  epiphysis  with  the  shaft,  and  sometimes  this  has 
occurred  unilaterally.  The  explanation  is  said  to  be  that  new  bone  is  laid  down 
under  the  articular  cartilages. 

Articular  cartilages  are  usually  held  to  subserve  simply  a  mechanical  and  passive 
purpose,  namely,  in  diffusing  pressure.  As  pointed  out,  however,  by  Oilier  (quoted 
by  Busch,  No.  43,  xxi.  1884,  p.  213),  Kiilliker  {Ibid.\  Sharpey  (No.  566,  pt.  ii.  6th 
ed.  p.  158),  Tomes  and  De  Morgan  (No.  65,  cxliii.  pt.  i.  1853,  p.  109),  and  Ogston 
(No.  5,  X.  1875,  p.  49),  and  as  confirmed  by  Busch  (No.  43,  xxi.  1884,  p.  212),  it  is 
likely  that  they  also  to  some  extent  are  concerned  with  the  production  of  new  bone, 
and  that  they  thus  repair  the  loss  which  is  always  occurring  in  the  articular  ex- 
tremities from  pressure.  It  is  conceivable  that  by  an  exaggeration  of  this  function 
an  amount  of  new  bone  might  be  thrown  out  sufiicient  to  occasion  perceptible  elon- 
gation of  the  limb. 

The  g^rowth  of  the  bone  in  breadth  is  accoraplislied  entirely  through  the 
mediation  of  the  periosteum.  Successive  layers  are  dejKjsited  from  it  pari  passu 
A\ith  the  absorption  of  the  older  layers  from  within. 

LiUralure  on  StructnrCy  Growth^  and  Dcirlopmcnt  of  Bone. — Birch:  Joum.  of 
Pliysiol.,  1879-80,  p.  360.  Busch:  Berl.  klin.  Wochnschr.,  xxi.  1884,  p.  212. 
V.  Ebner:  Sitzungsb.  d.  k.  Akad.  Wien.,  Ixxii.  Ab.  3,  H.  1-5,  1875,  p.  49. 
Humphry :  Treatise  on  the  Human  Skeleton,  1858.  Kassowitz  :  Die  normale 
Ossification,  1881.  Klein :  Atlas  of  Histology.  Kolliker :  Verhandl.  d.  physik. 
med.  Gesellsch.,  Wiirzburg,  iv.  1873,  p.  46.  Maas :  Arch.  f.  klin.  Chir.,  xx.  1877, 
p.  714.  Ogston:  Joum.  Anat.  and  Phvsiol.,  x.  1875,  p.  49.  Rutherford  :  Text- 
book of  Physiol.,  pt.  i.  1880,  p.  94.  ScMfer :  Quart.  Joum.  Mic.  Sc,  xviii.  1878, 
p.  132  ;  see  also  the  various  text-books  on  Histology  and  Physiology. 

Absorption  of  Bone. 

1028.  In  the  modelling  of  a  bone  and  in  the  formation  of  the 
medullary  cavity,  as  previously  explained  (p.  813),  part  of  the  tra- 
becular bone  which  is  laid  down  in  the  first  instance,  and  which  has 
served  a  temporary  purpose  in  atfording  support,  is  absorbed.  At  the 
edge  of  the  bone-trabeculae  under  such  circumstances  little  cup- like 
erosions  are  seen  in  great  abundance.  They  are  sharply  punched  out 
of  the  bone  matrix  and  at  first  are  mere  microscopic  objects.  Later 
on,  however,  they  become  confluent,  and  are  converted  by  this  means 
into  excavations  perceptible  with  unaided  vision.  They  give  to  the 
outside  of  the  piece  of  bone  a  peculiarly  worm-eaten  appearance,  and 
ultimately  effect  its  complete  disintegration.  They  were  first  described 
by  Howship,  and  are  named  after  him  Howship's  lacunae  or 
foveolae. 

They  are  also  found  in  bone  being  absorbed  from  senile  decay  or 
from  the  pressure  of  tumours  such  as  aneurisms.  In  different  forms 
of  osteitis  they  are  also  met  Avith,  in  caries,  and  in  the  solution  of 
sequestra,  ivory  pegs,  etc.  In  fact,  whenever  bone  is  being  absorbed 
they  are  more  or  less  prevalent  at  its  margin. 

Within  the  space  is  contained  a  giant-cell,  or  it  may  be  a  quantity 
of  granulation  tissue.  The  giant-cells  are  most  likely  over-nourished 
bone  corpuscles  which  have  been  liberated  from  the  part,  or  it  may  be 
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over- nourished  cells  derived  from  surrounding  fibrous  tissue.  That 
they  are  not  all  bone  cells  is  proved  by  the  fact  that  identical  giant- 
cells  soon  come  to  surround  and  to  be  applied  to  almost  any  organic 
substance  placed,  it  may  be,  in  a  tissue  far  removed  from  a  })one. 
Attention  has  already  been  directed  to  the  Ixnlies  of  this  kind  which 
envelop  the  keratode  framework  of  siwnge  (see  Fig.  102)  when  it  is 
embedded  in  a  living  tissue. 

Kolliker  (No.  562)  takes  the  view  that  it  is  througli  "the  agency  of  these  giant- 
cells  that  the  bone  is  absorbed.  He  holds  that  they  assimilate  the  organic  {Mirt  of 
the  bone  and  utilise  it  as  })abulum,  while,  at  the  same  time,  they  bring  al)out  a  sohi- 
tion  of  the  lime  salts.  He  acconlingly  names  these  giant-cells  osteoclasts  or  osteo- 
phag^i  (Fig.  515).  This  view,  in  the  main,  is  largely  aecepte<l  at  the  present  ilay, 
but  that  the  giant-cells  are  the  sole  living  agents  in  etfocting  this  digestion  of  lM>nf 
is  hehi  by  many  to  l»e  too  narrow  a  statement  (»f  the  case. 

The  notion  that  it  is  the  living  cells  aixMind  the  part  which  cause  the  solution 
was  first  broAchnl  by  Tomes  and  l)e  Morgan  (No.  (?;'»,  cxliii.  pt.  i.  1853,  p.  129^. 
They  found  numerous  absorption  sjiaces  tilled  with  g^ranulation  tissue  in  the  lione 
protruding  from  an  unheahMl  stump  and  which  was  Ining  absorl>e<l.  The  granu- 
lation cells  were  applie<l  to  the  walls  of  the  sjmces  in  such  a  manner  a?*  to  convey  the 
impression  that  they  were  the  agents  employed  in  tin*  excavation.  In  atvordance 
with  this  observation  it  is  held  by  Hillroth  (No.  92,  ii.  1862,  p.  126  ,  Ziegler 
(No.  13,  Ixxiii.  1878,  p.  367),  Pommer  (N.k  13,  xcii.  1883.  p.  296),  Ochotin  iNo. 
13,  cxxiv.  1891,  p.  97  \  and  many  others,  that  young  living  cells  of  almost  any  kind 
may  similarly  take  on  the  pro|>erties  of  osteophagi.  As  Ziegler  n^narks,  then*  are 
many  inflammations  i>f  bone  in  which  the  eompact  tissue  iKH'omes  rarefie<l,  and  in 
which  iKilynucleated  giant -cells  are  entirely  absent  ;  and  yet  the  parts  whieh  an* 
l»eing  almorbetl  pi-esent  evidence  of  lacunar  dissolution  in  the  highest  <legre«\  In 
tumours  of  bone  also  whicl»  are  not  of  a  giant-eell  tyjK'  .some  of  tlu-  U'st  examples  of 
lacunar  absorption  are  to  1m-  found.  Tin*  spaces  an*  tilled  with  the  onlinary  cell> 
whieh  prevail  throughout  tin-  tumour. 

Billi-oth  supi>os«'«l  (No.  92,  ii.  18»J2,  p.  12«>)  that  tin*  lime  salts  were  ren«leii*d 
soluble  by  th«' granulation  tissue  s»*cr«'ting  an  arid;  Schmi<lt  and  Stadelcr  found 
lactic  acid  in  ost«M)|M»rotir  lH>nes,  and  Billroth  hehl  that  it  is  this  which  effects  the 
solution.  Thissolution-by-an-ai-id  theory  has  Im^cu  accepted  by  K«»lliker,  Rustizky. 
and  I'ommer.  It  is  usually  maintained  that  the  organic  part  of  the  Iwine  sutfers  a 
s|)ecies  of  digestitni. 

Still,  although  the  absorption  of  the  etfete  tis>ui*  by  the  living  elements  in  its 
neighlM)urhu<>d  s^m'tus  t<»  br  inront«'stable  in  most  cases,  it  must  l>e  lM)ni»*  in  mind 
that  the  mere  pressure  from  undue  vjiseularity  may,  un<ler  certain  eircumstance>. 
induce  an  atrophy  of  the  bon«*  matrix,  just  as  we  sec  happen  to  the  liver  evils  in 
cyanotic  atn)pliy  of  the  liver.  (»r  in  other  like  disease>. 

Vinliow  early  adoptid  this  view  and  supjxtsed  that  the  absorption  cuninien<  eil 
in  the  bone  lacume.  Volkmann  (N<».  ll.'»,  ii.  Ab.  H.  p.  231  //  .v**/.  >  n*gardtsl  the 
alworption  as  the  elfe«t  of  unilue  vascularity  In-ginning  in  the  Haversian  canals. 
These  U-iMinn'  dilated  so  as  tt)  constitute  sjKice>  <»f  irregular  sha|M*.  They  incrt-as*'  in 
size  and  lM-c<»me  confluent,  wln-reby  an  osteoporotic  condition  results.  This,  he  say.«>, 
a<rc<>unts  for  the  swollen  cancell<»us  state  of  the  heads  of  long  b<»nes  in  joint -dix^as*-, 
and  it  is  also  the  means  whereby  the  anfractuosities  of  the  emis  of  a  brok«'n  liuiie 
an*  rounded  oil'. 

This  view,  it  may  Ik-  meiitinned,  is  strenuously  opjH>sed  by  some  aulhoritie.N 
at  the  jirest'ut  day.      Nevertheless  it  is  likely  that  it  contains  a  large  element  of 
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truth.  Riistizky  (No.  13,  lix.  1874,  p.  202)  and  Ribbert  (No.  13,  Ixxx.  1880,  ji. 
436)  so  far  support  Yolkmann's  view  in  that  they  believe  in  bone  being  absorbed 
without  the  agency  of  giant-cells.  They  state  that  where  it  is  being  destroyed  by 
pressure  the  presence  of  giant-cells  is  inconstant. 

In  tlie  hollowing  out  of  the  medulla  of  a  long  bone  giant-cells  are  present  in  con- 
siderable abundance,  and  it  is  stated  by  Maas  (No.  92,  xx.  1877,  p.  729)  that  they 
are  clustered  chiefly  round  the  small  veins  and  venous  capillaries.  Still  it  must 
be  remembered  that  the  bone  corpuscles  in  being  liberated  tend  to  swell  up  and  to 
excavate  Howship's  lacunte  in  the  matrix,  thus  occasioning  an  appearance  which 
might  be  readily  misinterpreted.  It  would  be  rash  to  conclude  that  in  all  cases 
there  is  an  application  of  the  giant-cells  to  the  absorbing  bone  with  the  intent  of 
their  effecting  its  absorption. 

TAterainre  on  Bone  Absorption, — Billroth:  Arch.  f.  kliu.  Chir.,  ii.  1862,  p.  118. 
Cameron:  Glasg.  Me<l.  Journ.,  xvi.  1881,  p.  112.  Coats:  Glasg.  Med.  Journ., 
vi.  1874,  p.  321.  Hale  White:  Guy's  Hosp.  Rep.,  1885,  p.  6.  Kolliker:  Die 
normale  Resor|)tion  d.  Knochengewebes,  etc.,  1873.  Macewen  :  Annals  of  Surgery, 
1SS7.  Morison:  Edin.  Med.  Journ.,  xix.  1873,  p.  305.  Pommer :  Arch.  f.  path. 
Anat.,  xcii.  1883,  p.  296.  Rustizky :  Arch.  f.  i»ath.  Anat,  lix.  1874,  p.  202. 
Wegner:  Arch.  f.  ivith.  Anat.,  Ivi.  1872,  p.  523. 


BONE-GRAtTING. 

1029.  This  subject  has  already  been  incidentally  referred  to 
(vol.  i.  p.  308).  It  may  l)e  advantageous  to  discuss  it  here  a  little 
more  in  detail. 

There  does  not  seem  to  be  much  doubt  that  living  bone  taken 
from  the  s<'ime  species  is  capable  of  retaining  its  vitality  when  intro- 
duced into  the  tissues  of  a  new  host. 

Macewen  (No.  149,  xxxii.  1881,  p.  238)  relates  the  following  experiment  in 
sup[Hjrt  of  this  view  :  A  boy  aged  three  years  was  placed  under  his  care  in  a  weak 
and  emaciated  condition  from  suppuration  connected  with  a  necrosis  of  the  right 
humerus.  Fourteen  ounces  of  foetid  pus  were  evacuated  by  puncture  from  an 
abscess  around  the  bone.  The  shaft  of  the  humerus  was  found  to  be  totally 
iiecrose<l  and  had  separated  from  its  epiphysial  junction  with  the  head.  Over  two- 
thirds  of  the  shaft  were  eventually  removed.  Suppuration  continued  diffuse  for 
a  fortnight,  and  afterwards  gradually  diminished.  A  tainning  portion  of  bone  was 
left  attached  to  the  head.  So  far  as  could  be  made  out  tlie  i>eriosteum  opposite  the 
sinuses  was  destroyed,  and  its  place  taken  by  gianulatiou  tissue.  The  wounds 
healed  and  the  spicule  of  bone  continued  to  grow  for  a  little,  but  eventually  ceased 
to  do  so. 

In  one  year  and  three  months  from  the  time  of  resection  of  the  bone  the  two 
ends  were  separate  as  before.  The  upper  spicular  end  was  now  cut  down  upon  and 
found  to  be  cartilaginous.  The  cartilaginous  part  was  excised,  and  a  sulcus  about 
2  inches  in  length  was  made  in  a  downward  direction  through  the  muscles. 
Two  wedges  of  Iwne  were  removed  from  the  tibia*  of  a  patient  six  years  of  age  with 
anterior  tibial  ciu'ves,  and  were  chopped  into  small  fragments.  They  were  then 
dejiosited  in  the  sulcus  above  described.  The  whole  operation  was  conducted 
antiseptically,  and  the  time  occupied  in  removing  the  wedges  and  placing  them  in 
their  new  position  was  from  two  to  three  minutes.  The  wound  healed  without 
suppurating.  In  a  month  afterwanls  a  piece  of  bone  1  inch  in  length  and,  as 
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nearly  tL&  could  be  mca^tircd,  ]  inch  iu  tbtckuess  was  found  (trmly  AtUoh«il  to  Uif 
ujt|><*r  fmgiuent  of  th(?  Almfl. 

A  siinilitr  trntiMjilaiitAtiori  wut  injid««  on  two  otli«*r  Dcojiftiorts,  Ihf  M^iieent  «iiil  or 
L'tida  of  the  boruis  \h'\u^  r*'fiei»hod  nt  each  oyK»r*tit>n,  with  the  result  that  the  pAFta 
•ilbered  And  fonucd  u  toUd  rod— a  new  abaft. 

Fonoet  (quc>t(?<l  by  Oihotin,  No.  13,  c^^iv,  1891,  p.  98)  r^lmtm  an  iltBOSl 
idetiti<sAl  ciM  of  intf*rhurrmti  trHiiH|i1aiitittion  :  A  ^>oy  aged  cleVMi  ymn  had  loat  tli€ 
eiitiiv  ah^ft  of  tlic  frniiir  through  osteouiyrlttis.  Th^  drad  Imui'  wil«  reraoirf^,  Aud 
fift**en  day*  afterwards^  while*  the  wound  wa«  gratmlatitig,  i»irc<^  of  chopfwvd^p 
boiif  3-4  ttiiiu  thick  and  7  J^  rum.  Unig  from  tbn  body  of  h  tl<^ad  ti»wlyd>aro  chlM 
were  iiitroducrd  among  the  gi  iinuUtions.  A  complote  uftMifiealion  of  thi*  gmimUtfaig 
tUACi  followed  with  reimbui-r^c^nient  of  tlic  fihaft.  Tlir  bone*  howevrr,  mtuuai4 
aboot  3  an.  ahortor  ihan  tliAt  od  the  oppoaiti^  aide. 

There  h,  howover,  iis  yet  a  difference  of  «ipinifin  a**  to  whether  in 
ftiieh  openitMmn*  the  grafts  actually  live  nr  whetlier  they  simply  act  ha 
u  riiuuUl  for  the  coastriiction  of  new  btine,  Mueeweii  ih  nn  ardent 
di^ci|)le  of  the  former  doctrine^  and  cert-iiiuly  hh  resulu  neem  to 
wariiint  his  eonckisioiis. 

The  researches  nf  Adanikiewicz  (No.  TiCH,  xxvi.  1889.  p.  125, 
referred!  tu  by  Ochotin)  aUo  8Up[Kirt  the  vttJil  theory  of  Imne  graft** 
The  grafts,  he  HUiys,  are  iiiiiteil  to  the  neighlwuning  l*one»  Hr>*tly»  by 
fibrous  tissue.  This,  if  not  too  extensive,  heeome«  nipiilly  t»ssifietl,  so 
that  ui  a  few  nioiitha  there  is  a  continuous  bony  mass  with  int«r- 
ronimiiiucating  blmHl-vessels.  A  new  jicricKsteuTii  eeenis  to  Ik;  deiMinited 
fin  the  surface. 

Oilier,  however,  even  in  one  of  hif*  latest  tiiteninees  on  the  subject 
(No.  4,  i,  1889^  p.  1G7X  i»  not  persuaded  that  the  graft*>  of  them- 
ftelvea  piothiee  the  new  iKine,  but  inclines  to  lielieve  rather  that  ihej 
confer  Ixjno  forming  proj)crtics  up»>n  the  periosteum,  which  for  the  time 
being  it  had  lost  This,  ho  says,  ia  the  only  principle  on  whirh  he  can 
tmderstand  the  new  ffirnmtion  of  a  ehaft. 

There  in  much  tbiubt  as  yet  whether  Ixwie  can  l*e  fituccectsftilly 
transphmted  fnmi  ar»  animal  of  a  fipecie»  ditrererit  from  the  recipieDt 
ho«it— that  is  to  BJiy,  whether  a  tjucce^sfu]  heteroplastic  graft  ia  a 
|>iittgibility.  Autoplastic  and  homoplastic  grafti^  (01  tier) — that  is  to 
*vay,  thoae  taken  respectively  from  the  same  individual  or  from  an 
individual  of  the  g^imo  sjwcies — have  lM>th  Vwen  found  to  be  poMi- 
bilitie8,  but  the  heteroplastic  operation  i«  as  yet  n  matter  of 
doubtful  fcasiliility, 

Patttf^rsoa  (Xo.  69,  197$.  U*  in  5S9)  Attempted  to  trauaplant  a  piece  of  do|c'«  hone 
into  A  vacuity  between  the  Midii  of  a  [nwudo-arthrohit  of  thi«  foppAftti*     T)i«  grwlt 
aeemed  to  contract  adh«aions,  but  wax  (•vittitually  thrown  out.     Maocweu  haa  lai't 
with  a  like  rMult     Poneet  (quoted  by  Oilier,  So,  I,  I  U$9,  }u  1(7)  has  apparently 
ImHfU  rooft  Mteeaaaful.     He  tmnaplantiHl  piece*  of  bone  from  the  foetal  r»bbit  autf  I 
Idd  into  A  vacuity  in  a  human  Wne,  and  ffnuvi  that  thry  ir«ra  MXia  vovtlofivd  ta  ai 
CMing  of  new  bone.     Oilier,  howf^viT,  hoUU  to  it  thai  th«y  wer»  itof4j  ihacir^MliI 
but  AilnitU  that  thry  may  havH  Atimulatx^  thi^  jiarta  locsally,     Oa  tllll 
doitt  not  Uiink  tluit  h^t^^fopla-tie  growtlia  ans  rnttraly  luelcaa. 
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Transplantation  of  Dead  Bone, 

1030,  Oehotiii  (No.  13,  cxxiw  1891,  p,  97)  has  made  some  experi- 
ments on  tlio  fate  of  dead  bone  when  introiluced  into  the  midst  of 
one  which  is  living.  His  researches  were  made  on  mbbits^  and  con- 
sisted in  boring  a  hole  through  a  long  bone  do\^Ti  to  the  medulla  and 
introducing  a  peg  of  bone  or-  ivory.  He  recommends  bone  from  a 
young  ox  on  account  of  its  Injing  most  readily  absorbefl.  The 
operation  in  all  cases  was  conducted  antiseptically.  The  aniniaU  were 
killed  id  periiMls  of  7,  12,  18,  32,  and  4'2  days,  the  parts  hardeneil  for 
three  days  in  alcohol,  dccalcined  in  im  H-10  per  cent  solution  of  nitric 
acid,  and  si>akeil  in  water  for  twenty- foui*  hours.  The  burdening  was 
completed  by  further  three  days'  immersion  hi  alcohol. 
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Flo.  M4,— iMPLAinrATioN  of  a  Piece  ok  Ivoky  ivro  Femuh  o*'  Kaiujit.    Ai't*K;«iiABros  Of 
TR*M»vr,iiMii:  Smtion  aitkb  Thirtvtw<i  Days  (x&'i  Duliin.) 

(A)  Phrt  of  circumference  of  shaft ;  (B)  newly  formed  Iwjrie  ;  (C)  tin?  \\ory  :  (D>  impsulr 
AomnuiifHn^  the  ivory ;  (E)  bone  laediilk. 


After  seven  days  ttio  peg  was  found  to  be  encapsulod  l>y  fibrous 
tissue,  and  was  firmly  fixed  in  the  api^rture.  The  niedulLiiy  cjivity 
at  the  inner  extremity  of  the  peg  was  widened  by  thinning  of  the  bone 
waUs,  but  no  jmrtieular  change  was  found  in  the  jueuo  of  dead  bone 
itself,  A  few  erosions  were  perceptible  after  twelve  days.  In  from 
thirty-two  to  forty-two  <lays  the  cjipsule  intervening  between  the  dead 
and  living  bone  had  here  antl  there  vanished.  The  piece  of  dead  iwine 
apjjcaretl  to  have  coalesced  with  the  edge  of  that  which  was  lining,  ami 
new  botie  was  ihrow^n  out  between  the  two  in  the  form  of  trabecidiK, 
The  undue  apace  in  the  medulla  hud  now  disa|ipearcd,  and  the  medulla 
eame  again  to  be  iu  immediate  eontact  with  the  peg^  on  whose  surface 
there  w*ere  many  erosions.     He  siiys  that  the  new  bone  was  derived 
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not  only  from  the  periost<jum,  but  also  from  the  Iwne  itself.  The 
corpuscles  of  the  latter  had  enlarged  and  divided.  The  Haversian 
canals  at  the  end  of  the  living  bone  had  widened  and  become  filknl 
with  osteoblasts. 

He  remarks,  however  (p.  107),  that  there  never  was  any  organi^d 
connection  between  the  dead  and  the  living  jmrts.  The  dead  bone 
plays  simply  a  ptissive  role,  and  suffers  progressive  absorption. 


TUANSPLANTATK^N    OF   PeKIOSTKI'M. 

1031.  Although  somewhat  doubtful  about  the  inherent  powers  of 
bone  to  repro<luce  itself  in  a  graft,  Oilier  (No.  4,  i.  1889,  p.  166)  is 
a  firm  believer  in  periosteum  as  a  bone-forniiiig  agent  under  like  cir- 
cumstances. He  has  himself  successfully  transplanted  it ;  and  holds 
that  any  merit  which  may  have  attended  grafting  of  bone  is  due  to 
its  having  retained  its  periosteum.  Macewen  (No.  149,  xxxii.  18S1, 
p.  232)  maintained  formerly  that  the  fragments  of  l)one  use<l  as  grafts 
should  include  the  whole  of  the  osseous  elements.  Later  on  (No. 
504,  1887,  p.  618)  he  found  that  "the  preservation  of  the  i)eriosteum 
is  not  an  essential  to  the  success  of  the  ginift." 

liiK-hholz  (No.  13,  xxvi.  18G3,  |».  78)  says  that,  wIumi  iKTiosteum  is  transplante*!, 
it»  cells  |uoliferatf.  Oiif  jiart  of  the  iuas:j  iKvoines  eartilogiuouH,  but  the  Unie 
rt'ijultiiiK  from  its  traiisiihintatioii  does  not  necessarily  i miss  tlirough  the  cartilaginous 
htap'.  The  ixriosteuni  of  the  flat  hones  of  the  skull,  he  says,  does  not  seem  to  have 
the  same  osteo^t-netic  |HJwers  as  that  take-n  from  the  hollow  l»one8. 


Tkansplantath>n  of  Mkdi'ixa. 

1U3'J.  The  bone  medulla  appears  to  have  a  certain  osteogeneti<* 
|M>wer.  \Vhe!i  transplanted  autogeiietically  the  giaft  takes  nx)t  and 
throws  out  ])one.  It  is  uiisuccessful  when  the  graft  is  carried  from 
one  animal  to  anotht-r  even  of  the  sime  s|)ecies.  Thus  Oilier  (No. 
561,  i.  J).  117)  (lid  not  succeed  in  a  single  instance  out  of  a  series  tjf 
fifty  experiments  where  the  transfer  was  to  a  new  host ;  while  Maas 
(No.  1^2,  XX.  1S77,  p.  7()S)  and  Ooujon  (No.  200,  vi.  1869,  p.  399) 
.seem  t«>  liavt*  had  a  like  experience.  Haikow  (No.  -"iO,  viii.  1S70,  p. 
371)  also  tound  that  the  graft  <lid  not  throw  out  iKme  when  the 
tnmsfer  was  crosstMl,  ])nt,  when  confined  to  a  single  animal,  Ikhic  was 
genenited  in  fourteen  out  of  twenty-eight  instances. 

Uruns  (No.  92,  xx\i.  ISSI,  p.  {\i]\)  was  even  more  successful  than 
Kiikow.  In  twelve  experiments  out  of  a  series  of  nineteen  where 
auto|)lasti(!  transplantatioti  was  made  into  thr  soft  tissues  of  a  single 
ho>t,  the  graft  lived  and  became  ossified.  He  employed  dogs,  and  fnmi 
their  l(»ng  bones  cut  out  cylinders  of  marrow  which  he  tran.<?ftTred 
to  the  >oft  ti>sues  of  the  chest  or  Iwick.  In  from  ten  to  twelve  ilays 
there  wa>  a  copious  }>roliferatioii  of    young  cells  mostly  of  a   spindle 
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shape.  Ossification  appeared  to  be  both  intra-membranous  and  iiitra- 
cartilaginous,  the  former  predominating.  In  the  case  of  the  car- 
tilaginous ossification  the  cartilage  matrix,  he  says,  becomes  calcified, 
and  the  cartilage  cells  are  converted  directly  into  bone  corpuscles.  He 
states,  curiously,  that  when  the  medulla  is  removed  from  the  cancellous 
tissue  of  an  epiphysis  along  with  the  trabeculae  of  bone,  it  has  not  the 
slightest  inclination  to  ossify,  but,  on  the  contrary,  becomes  absorbed 
through  the  agency  of  a  bevy  of  giant-cells  which  encompass  it. 

Literature  on  RegeiieratioH  of  Boiic. — v.  Berg:  Untersiicli.  iib.  Kiiocheuregeiiera- 
tion  unter  antiseptischem  Verbande,  1878.  Bidder :  Arch.  f.  exj>er.  Path.  u.  Phar- 
raakol.,  i.  1873,  ]>.  248  ;  aho,  Arch.  f.  klin.  Chir.,  xxii.  1878,  p.  155.  Buchholz : 
Arch.  f.  i>ath.  Aiiat.,  xxvi.  1863,  p.  78.  Hcin  (After  Fracture):  Arch.  f.  path. 
Auat.,  XV.  1858,  p.  1.  Hopkins  (Organisation  and  Absorption,  Dead  Sterilised 
Itone) :  J.  Am.  M.  Ass.,  Chicago,  xiv.  1890,  p.  505.  Humphry  :  Med. -Chir.  Trans., 
Lond.,  vols,  xxxvi.,  xli.,  xliv.,  and  xlv.  ;  also,  Joum.  Anat.  and  Physiol.,  xiii. 
1878,  p.  86.  Krafit:  Ziegler  and  Nauwerk's  Beitriige  z.  i)ath.  Anat.,  i.  1886,  p. 
85.  Maas:  Arch.  f.  klin.  Chir.,  xx.  1877,  p.  708.  Macewen :  Proceed.  Roy. 
Soc.,  Lond.,  xxxii.  1881,  p.  232;  also,  Heatli's  Dictionary  of  Pract.  Surg.,  i.  1887, 
p.  617.  Neve:  Edin.  Med.  Journ.,  xxxv.  1889-90,  p.  719.  Ochotin :  Arch.  f. 
path.  Anat.,  cxxiv.  1891,  p.  97.  Ogston :  Journ.  Anat.  and  Physiol.,  xii.  1877,  p. 
503.  Oilier  :  Gaz.  helxl.  de  mod.,  v.  1858,  p.  572  H  scq.  ;  also,  Journ.  de  la  physiol., 
ii.  1859,  p.  1  €t  seq.  ;  also,  Ibid.,  Arch,  de  physiol.  norm,  et  ymth.,  v.  1873,  p.  5  ; 
also  (Bone  Graft),  Arch,  de  physiol.  norm,  et  path.,  i.  1889,  p.  166  ;  also,  Traitt*  de  la 
regeneration  des  os,  1867.  Phelps:  N.  V.  Med.  Rec,  xxxix.  1891,  ]).  221. 
Senn  (Healifig  of  Aseptic  Bone  Cavities  by  Implantation  of  Antiseptic  Decalcihed 
Bone):  J.  Nat.  Ass.  Railway  Surg.,  Fort  Wayne,  ii.  1889-90,  p.  263.  Virchow : 
Arch.  f.  path.  Anat.,  v.  1852,  p.  409.  Volkmann  :  Arch.  f.  path.  .Anat.,  xxiv. 
1862,  p.  512;  also,  Centralbl.  f.  d.  med.  W'issensch.,  viii.  1870,  p.  129.  Zicglcr  : 
Arch.  f.  i^ath.  Anat.,  Ixxiii.  1878,  p.  355. 


Healing  of  Fractured  Bone. 

1033.  A  fractured  bone  seems  to  unite  in  exactly  the  same  manner 
whether  the  fracture  be  simple  or  compound.  The  opposite  has  often 
been  asserted,  but  it  seems  now  to  be  pretty  generally  admitted  that 
there  is  no  difterence  provided  the  wound  is  kept  aseptic.  If  it 
becomes  septic  inflammatory  changes  modify  the  process  of  union  very 
considerably. 

It  has  also  been  alleged  that  the  mode  of  union  of  fractured  bones 
in  animals  differs  from  that  in  Man.  This  seems  to  be  equally  in- 
supportable. 

The  parts  concerned  in  the  repivir  of  the  bone  are  the  periosteum, 
possibly  the  ends  of  the  bone  itself,  and  the  surrounding  connective 
tissues.  The  bone  medulla  has  been  held  to  furnish  some  of  the 
reparative  materials,  but  this  still  remains  doubtful. 

A  fractured  bone  seems  to  repair  itself  by  a  repetition  of  what  has 
been  described  (p.  812)  as  the  process  of  ossification  in  a  long  bone. 

As  a  result  of  the  laceration  of  the  parts  at  the  point  of  disunion, 
more  or  less  blood  is  effused  from  the  wounded  blood-vessels  and 
coagulates.  In  from  twenty  to  thirty  hours  after  the  fracture  has 
occurred  the  surrounding  torn  remnants  of  periosteum,  as  well  as  that 
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covering  the  etuU  of  ibe  Ijone,  are  seen  to  he  proliferating.  Tbo 
periosteum  at  these  parttt  becomes  filled  with  new  cells  derived  froni 
those  already  within  it*  The  blrKxl-vesseU,  ]>robably  from  the  prej^sure 
exerted  upon  them  by  the  clot^i,  an*!  it  may  lie  from  the  tniusuid 
position  of  the  bone,  l>ecome  turgid^  ami  some  effusion  of  liquid  afid 
solid  contents  tiikes  place  through  their  walls — that  13  lo  say,  a 
certain  amount  of  inflammatory  reaction  occurs  at  the  fracturt^l  etidflu 
This,  however,  never  gi»es  very  far  if  ihe  wound  remains  aseptic. 

The  surrounding  tin^uefi  are  overstimuluted  and  proliferate  aomiv 
what  like  the  |»erio.steunL  In  coiu'se  of  time  the  blomi  lieginR  to  be 
absorbed,  ami  its  place  i^  taken  by  a  progeny  of  new  cells  derived  mainly 
from  the  j>ennsteiini.  The  cn-nnective  tisHue*  of  neigh lx>uring  [wrtJi 
by  proliferating  aflVinl  a  capsule  to  the  enclosed  end»ryonic  materiaU 
(ilein,  No.  13,  xv.  1858,  p.  8).  This  capsule  shortly  after  licing 
liintu*d  thickens  on  its  inner  asj>ect,  and  atTortls  the  same  protection  lo 
ijtternal  part8  ils  the  |ienchondrium  of  a  fieUil  l>one. 

The  ccIIh  which  fill  up  the  iiite  val  between  the  fractured  end* 
and  which  have  i»rinjarily  been  derived  fmm  the  periosteum  now  taJte 
on  a  cartilage  type  luid  throw  out  a  little  cartilaginous  matrix*  It  is 
within  this  cjirtihige  that  the  future  Iwie  i**  moulded,  iu\i\  the  histoiy 
<if  events  is  iflenticjd  with  what  follows  the  penetration  nf  the  (tfima 
uuirUin  into  the  cartilage  of  the  shaft  of  a  kvUil  Ume,  Severml  smaD 
vesiieU  fjush  their  way  frt»m  oiitside  into  the  embryonic  cartilagt 
filling  the  \acuity.  They  are  for  tin'  most  jwirt  simply  off»hor»ts  froBi 
thof*e  in  the  jwriosteum.  Wherever  they  are  drivt-n  inwards  the  nirtfljigo 
liecomes  aljsoi-lied,  and  it  is  in  the  resulting  spfice  that  osi»iliaition  [jto- 
ceeds.  The  o*»teohla*it«  are  inolNibly  in  the  mjiin  carried  inwards  hf  h 
the  vessel*  a*  in  normal  endochondral  iMjne  fonnation,  The  bone  atfl 
tint  is  of  Ji  cancelKni*  tyi>e. 

Not  imly  dof*s  this  go  on  bt^tween  the  eniU  of  the  l*one  ;  the 
ri*[»anitive  cells  also  Hll  thi*  medullary  cnvity  for  a  certain  dislAnca 
lit  each  end,  lUid  i»Bsirjc;ai*»r»  pmceeils  there  as  in  other  jmrtis.  Tlio 
continitity  of  the  medullary  ca\ity  is  thus  at  fin*t  inl<3rru|>te<h  and  any 
yellow  marrow  which  is  lying  at  the  seat  nf  f nurture  h  removetL  There 
is  great  danger  of  fat  embolism  occturing  during  the  abiiorption  of 
its  oil 

The  fractured  ends  arc  now  united  by  a  cartilaginomii  bftsw 
]M!rmeatc<l  by  truln-cnlfe  of  bone.  OHnification  bij'gins  outride.  *o  that 
there  may  be  a  shell  t»f  cancidlous  Inmc  at  the  periphery  while  till* 
interior  is  as  yet  purely  ciutilaginons. 

Tlie  ragged  fnictured  emls  of  the  lione  layconie  viiAcular,  luid  thi^ 
compact  tissue  opened  out.  There  is  every  reason  to  lielie>  e  that  they 
ftct  &i  centres  of  oi^Hiticution,  and  that  vessels  aie  projected  from  them 
into  the  (Trimary  c^xrtilaginous  ma^a. 

Tire  term  callus  (milyji^  callum^  a  hard  skin)  is  an  old  one  applied 
to  the  re]nrative  br»ml  of  union  between  the  fracttn-eil  endii*.  lliat 
which  consists  of  the  aVjve  cartilage  and  cancellous  lione»  and  M'hieh 
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we  shall  see  subserves  merely  a  temporary  purpose,  is  known  as 
provisional  callus,  while  that  w^hich  permanently  unites  the 
extremities  is  called  definitive  callus.  Sometimes  the  outer  bony 
orust  of  the  provisional  callus  is  known  as  the  external  callus, 
^vhile  that  which  lies  within  and  is  more  purely  cartilaginous  is 
Tiamcd  internal  callus. 

So  far,  it  will  be  noticed,  there  is  a  close  resemblance   in   the 
:xiiethod  of  repair  of  the  injury  to  that  which  occurs  in  normal  ossifica- 
"t^ion.     The  analogy  is  carried  still  further  in  that  the  cancellous  bone 
in  the  interior  becomes  hollowed  out  so  as  to  reproduce  the  medullary 
<;avity,  while  that  which  lies  externally  becomes  strengthened  by  the 
siddition  to  its  substance  of  superimposed  laminae.     Giant-cells  show 
themselves  at  the  parts  which  are  being  absorbed.     In  course  of  time 
"t;he  continuity  of  the  medullary  cavity  is  re-established,  and  it  becomes 
"filled  at  the  fractured  point  with  red  manow.     If  the  bones  override, 
^be  callus  which  has  filled  up  the  end  of  the  cavity  in  the  bone  is  not 
entirely  scooped  out.     Part  of  it  remains,  and  by  condensation  aids  in 
iiffording  support  (Maas,  No.  92,  xx.  1877,  p.  752).     All  gross  irregu- 
larities on  the  outer  aspect  of  the  callus  are  removed  by  a  method  of 
absorption  alike  with  that  which  tiikes  place  in  the  interior. 

Finally,  the  connective  tissue  capsule  contracts  and  constitutes 
the  superficial  layer  of  a  new  periosteum  (Billroth,  No.  92,  vi.  1865, 
p.  719).  The  deep  layer  is  probably  derived  from  the  original  perios- 
teoblasts. 


Simple  Fracture  with  Dislocation. 

1034.  In  the  Dislocatio  ad  axin,  according  to  Hein  (No.  13,  xv. 
1858,  p.  20),  more  callus  seems  to  form  on  the  concave  than  on  the 
convex  side. 

In  the  Disloaitio  ad  latvu%  by  which  is  meant  a  dislocation  so  far  to 
the  side,  but  where  the  bones  do  not  override,  the  amount  of  swelling 
and  inflammation  is  greater  than  in  the  foregoing.  The  re-establish- 
ment of  the  continuity  of  the  medullary  cavity  is  effected  by  the 
absorption  of  the  adjacent  parts  of  the  bone  where  they  are  in  contact. 
This  takes  place  at  the  time  when  the  absorption  of  the  provisional 
callus  is  proceeding. 

In  the  Dislocatio  ad  lon(/itnditu'w,  in  M'hich  the  ends  of  the  bone 
override,  healing  goes  on  very  much  as  in  the  foregoing,  but  he  says 
he  has  not  had  an  opportunity  of  observing  the  reinstatement  of  the 
medullary  cavity. 

In  the  case  of  a  combination  of  the  last  two,  where  the  dislocation 
to  the  side  is  considerable,  bone  may  still  unite  the  two  ends.  The 
hollowing  out  of  the  medullary  cavity  naturally  becomes  a  matter  of 
difficulty  ;  it  is  doubtful  whether  it  ever  occurs.  Both  in  this  and  in 
the  other  forms,  where  the  displacement  is  great^  the  hard  permanent 
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callus  does  not  stretch  from  the  fractured  tip  of  the  bone,  but  from 
the  free  surfaces  of  the  shaft  some  distance  above  and  below  the 
fracture.     The  jagged  ends  of  the  bone  become  al)sorbed. 

Necrosis  of  Bonr 

1035.  Death  of  a  bone  or  of  a  piece  of  it  may  of  course  arise 
from  a  multitude  of  causes.  It  is  not  usually  so  much  the  result  of 
disease  of  the  bone  itself  as  of  the  withdrawal  of  the  blood-supply. 
The  following  are  the  terms  in  use  to  designate  degrees  of  necroses  : — 

(1)  Peripheral  necrosis  or  an  exfoliation,  where  one  or  more 
of  the  superficial  lamellae  die.  The  part  when  cast  off  is  known  as  a 
seqitestrujii  {se<iuestrarey  to  sever  or  give  up). 

(2)  Central  necrosis  or  necrosis  interna,  where  a  portion  of 
the  si>ong}'  lK)ne  in  the  interior  dies. 

(3)  Total  necrosis,  where  the  l)one  jHTishes  throughout  it* 
entire  thickness. 

(4)  Necrosis  of  an  entire  bone. 

(5)  Multiple  necrosis,  occuiTing  iii  certain  dysci-asiie. 

Dead  pieces  of  l)one  frequently  become  i^irtially  ab8orl>ed.  At 
other  times  they  l)ecome  encapsuleil  by  new  lK)ne  thrown  out  round 
about  them.  An  entire  shaft  may  thus  be  enclosed  in  a  casin«^  of 
new  bone  and  remain  in  this  position  for  yeiirs,  the  new  l)one  fulfilling 
the  fu!icti(>n  of  that  which  has  <lied.  Should  the  necrosis  occur  in 
the  middle  of  a  shaft,  a  pseudo-art hrosis  may  form  l)etween  the  ends  of 
the  bone  after  its  removal. 

Iiihalation  of  the,  fumes  of  phosphorus  gives  rise  to  a  form  of 
|)eriosteitis  which  ends  in  necrosis  of  the  lH)ne.  The  bo!ies  ai  the  jaws 
are  most  liable  to  be  artected. 


I'KRIOSTKITIS. 

101U\.  The  jM'riosteum,  U'lng  a  vascular  membrane,  is  of  course 
liable  to  inflammation,  sometimes  the  result  of  injury  but  more 
frecjuently  associated  with  the  strumous  or  syj)hilitic  diathesis. 
SupinuMtive  j)eriosteitis  is  ofteti  of  a  septic  nature.  Inflammatory 
affections  of  bone  atid  its  membranes  are  also  more  common  in  youth 
than  iti  adoleseence  or  ol<l  age. 

Simple  Periosteitis. — In  that,  for  instance,  resulting  from  a 
blow  u|M)n  tin;  shin,  the  membi-ane  Ixuomes  hy|)i'ra'mic,  its  deep  layer 
proliferates,  an<l  inflammatory  pnxhuts  infiltrate  its  substance.  They 
tend  to  accumulate  in  its  deej)  layer  ;  there  is  comparatively  little 
exudation  between  the  l>one  and  the  membrane.  The  bone,  if 
affected  at  all,  suffers  only  su|»erficially.  The  effusif)n  may  be  expected 
to  disiippear  after  th<r  acute  hyperainia  has  subside<b  and  little  trace 
of  the  affection  remains.      In  some  cases  a  ridge  of  l)one  is  left,  from 
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the  accumulated  osteoblasts  having  ossified.  This  is  a  common  affec- 
tion in  horses,  the  ridge  being  known  as  a  splint. 

Suppurative  Variety. — A  much  more  serious  disease  is  where 
the  effusion  accumulates  between  the  bone  and  its  enveloping  mem- 
brane and  suppurates.  This  suppurative  form  of  the  disease  is 
commmonest  in  youth  and  mostly  in  boys.  The  humerus  is  a  bone 
which,  for  some  unknown  reason,  suffers  frequently  from  it.  The 
membrane  is  stripped  off  from  the  bone  and  is  converted  into  an 
abscess  sac.  An  entire  shaft  may  thus  be  laid  bare.  The  pus  is  of  a 
greenish  colour  and  teems  with  the  m-ganismfi  of  suppuration  (q.t\), 
chiefly  with  staphylococcus  pyogenes  aureus.  The  shaft  usually  dies 
and  separates  from  its  epiphyses.  The  epiphyses  may  still  nevertheless 
retain  their  vitality.  There  is  great  danger  of  the  affection  ending 
fatally  from  septicaemia  and  pyaemia. 

The  necrosis  need  not  be  total ;  it  may  implicate  only  the  super- 
ficial stratii  of  bone,  in  which  case  an  exfoliation  takes  place  through 
tlie  opening  in  the  abscess  sac. 

Haemorrhagic  Variety.  —  Periosteitis  sometimes  assumes  a 
haemorrhagic  type,  in  which  case  blood  is  found  in  the  sac.  The 
periosteum  may  be  completely  separated  from  the  shaft  of  the  femur, 
and,  in  place  of  pus,  the  sac  is  filled  with  a  huge  firm  clot  of  blood. 
There  may  appear  to  be  an  entire  absence  of  suppuration. 

Chronic  Fibrous  Periosteitis. — Most  of  the  foregoing  varieties 
run  an  acute  course.  It  happens,  however,  that  many  insUinces  of 
periosteitis  are  chronic  and  are  accompanied  by  great  fibrous  thicken- 
ing of  the  membrane.  The  term  periosteitis  fibrosa  is  usually 
applied  to  the  affection.  In  the  acute  varieties  the  cellular  part  of  the 
effusion  is  derived  chiefly  from  the  deep  layer  of  the  periosteum  and 
it  may  be  from  the  superficial  layers  of  bone  (Billroth).  In  the 
chronic  form  the  superficial  lamina^  of  bone  are  always  involved.  The 
bone  assumes  a  thickened  appearance  from  the  fibrous  excess  around 
it.  Part  of  this  ossifies,  so  that  when  the  bone  is  macerated  irregular 
outgrowths  of  bone  are  found  adhering  to  the  shaft.  These  go  l)y  the 
name  of  osteophytes  (</)iToi',  a  j)lant),  from  the  somewhat  plant-like 
aspect  they  present.  So  great  may  the  thickening  around  the  bone 
Injcome  that  the  limb  assumes  almost  the  aspect  of  an  elephantiasis. 

Periosteitis  Albuminosa. — This  is  a  i)eculiar  disease  observed 
by  Oilier  (description  through  Poncet,  Xo.  251,  1874,  Xos.  ix.  and 
xii.).  Usually  there  is  coexistent  osteitis,  and  it  may  be  osteomyelitis, 
most  likely  with  a  sinus  in  the  bone  from  which  yellowish  granula- 
tions protrud(\  From  the  sinus  there  stream  out  large  (juantities  of 
viscid  albuminous  liquid  with  little  if  any  pus  in  it.  The  liquid, 
according  to  Schlange  (No.  92,  xxxvi.  1887,  p.  97),  sometimes  becomes 
encapsuled  in  the  soft  jwrts  round  the  bone.  It  has  a  close  resem- 
blance to  synovia,  but  staphylococcus  i)yogenes  aureus  is  abundant  in 
it.  Acconling  to  Kastus  and  Liebermann  (referred  to  by  Schlange, 
Iftr.  rif.  p.    112),  it  contains  albumin,  iiaralbumin,  metalbumin,  phos- 
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phates,  carbonates,  and  grape-sugar.  Poncet  says  tliat  when  the 
liquid  is  allowed  to  settle  it  separates  into  three  layers.  The  lowest 
is  a  com|)act  mass  of  fibrinous  flakes,  corpuscles,  etc.;  the  middle  is 
an  albuminous  liquid,  which,  by  coagulating  on  cooling,  resolves  itself 
into  fibrin  and  senim ;  while  the  highest  stratum  is  compost^  mainly 
of  oil  globules  evidently  derived  from  the  lK)ne.  The  liquid  keejw  for 
long  without  putrefying  ;  its  origin  is  as  yet  doubtful. 
Sjrphilitic  Periosteitis  (see  Sect.  1045). 

Literature  on  PrruK^frifis, — Billroth  (Growth,  IVrinHtoitiH,  and  Cariw^ :  Arch.  f. 
kliu.  Chir.,  vi.  1805,  p.  71J.  Dent:  Mecl.Chir.  Tnins.,  Lornl,  xlvi.  1881,  yt.  307. 
Duplmy  (Albmninoiwi :  Arch.  gtii.  de  uM.,  <'xlvi.  1»80,  ]•.  728.  Eberth  :  Arch. 
f.  iNith.  Aiiat.,  IxT.  187r>,  p.  341.  Leg^ehn :  Uoh.  d.  M));t>nannte  PericMteitis  u. 
Ost4fiti8  aUminiiuJsa,  18l»0.  Roser  (AlbiimiiiouH) :  CVntralhl.  f.  Chir.,  xiv.  1887.  u. 
y29.  Schlange  (Alhuminous) :  Arch.  f.  kliii.  Chir..  xxxvi.  1S87,  p.  97.  Smiu 
(HH-morrha^r)  :  Trans.  Path.  Soc.  I^n<l.,  xxvii.  1875-70,  p.  219.  Tnbby  (Acute 
Infet'tivi*. :  Ciuy'M  Hosp.  It«'p.,  xxxii.  1890,  p.  77. 


(Osteitis. 

1037.  The  communication  iHjtween  the  blood-vessels  of  the 
jMJriosteum  and  those  of  the  bone  is  so  close  that  it  has  }>een  denietl 
(/'.//.  Meyer  and  Billroth)  that  an  inflammation  of  l>one  can  occur 
apirt  from  the  periosteum  or  medulla  {tarticiiuiting  in  it  Volkmann, 
however  (No.  115,  ii.  Ab.  II.),  takes  a  ditterent  view,  and  believes  in 
the  autonomy  of  the  lH>nc  tissue  in  this  res|H*ct. 

When  a  bone  inflames,  l>e  the  aflection  complicated  with  |M?riostoitis 
and  (»ste(»myelitis  or  not,  its  vessels  bci'ome  turgid,  and  inflammatory 
blood-constituents  exude  from  them  as  in  soft  jmrls.  The  vessels  are 
ImmukI  <lown  by  the  rigid  walls  of  the  Haversian  canals,  but  soon  these 
yield  and  become  distended.  The  bone  lamiiue  are  disintegrate<l  and 
absorbe<l  so  that  a  dense  Ikhic  is  convcited  into  one  comiH)stHl  of 
tnibiMular  b«uie  tissue — it  suflers,  in  fact,  from  what  is  termed  rarefy- 
ing" osteitis.^  Owing  to  the  distension  of  the  vessels  and  the  in- 
flammatory infiltration  of  the  |»aris  the  Inme  may  assume  a  blown-out 
appearance,  and,  from  the  loss  of  it-*  dense  matrix,  can  Ik?  readily 
cut  into. 

After  the  intlannnation  has  subsided  the  re»jenerjitive  |K>wers  of 
the  l>o!ie  bepii  to  asM'rt  themselves  with  uinisual  vij;our,  and  new  lionc 
i-*  laid  down  in  the  canrelhms  spaces  (Fi;:.  .">l.')).  The  result  is  that  the 
jKirt  which  ha^  been  the  seat  of  the  iiiflammation  Iwcomes  extremely 
dense.      An  osteosclerosis,  as  it  is  <alled,  follows  u|H)n  it. 

It'  may  happeii,  however,  that  the  parts  suppurate  and  an  abscess 
forms  in  the  Ik  me  substance.  This  is  nnusnal.  The  abscess  may 
evacute  itself  <*xternally,  but  more  often  is  surrounded  and  pent  up 
by  a  layer  of  sclerous  bone  tissue,  and  may  lie  hidden  in  the  Ixme 
su}»Htan<e  for  many  months. 

*  A<<  to  the  iiiuiiitr  ill  whiili  it  is  al>sorl>c<l  tlu*  rea<Ur  ix  referred  to  the  Section  on 
I'oiic  a'-oipti'iii    p.  *»!'»  .      K'tr  microscopic  apiiearanceM  see  Fig.  515. 
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The  pus,  on  the   other  hand,  may  dry  and  be  converted  into  a 
ofceesy  deposit,  a  state  of  the  bone  which  may  persist  for  years. 


Osteitis  Defomuins. 

1038.  The  above  term  was  applied  by  Sir  James  Paget  (No.  34, 

1  ^.  1877,  and  Ixv.  1882;  also,  No.  567,  ii.  1889,  p.  181  ;  in  which 

^^"^6   as   well   papers    by    Hutchinson,    Edmunds,    Lunn,    Mackenzie, 

3t^umphry,  Bowlby,  and  Robinson),  to  a  peculiar  constitutional  disease 

^^  ^»i  which  a  thickening  and  deformity  occurs  in  different  bones  through- 

"^===^ut  the  body.     It  is  a  disease  chiefly  of  old  age,  and  may  occur  in 

^^^ither  sex,  oftenest,  however,  in  the  male.     In  the  early  stages  it  is 

^^^^metimes  restricted  to  one  bone,  usually  the  tibia  or  femur,  but  in 

'^^^oiu'se  of  time  tends  to  involve  the  bones  of  the  skull,  spine,  and,  it 

^^rmay  be,  nearly  every  bone  in  the  body.     The  posture  assumed  by  the 

^^  ndividual  is  peculiar.     As  a  rule,  the  spine  is  curved  forwards  and 

^^rhe  head  bent  upon  the  chest ;  while  the  legs  also  present  an  anterior 

"^c^urvature.      Curiously,  when  the   swelling  and  deformity  affect  the 

^•mnes  of  the  leg  the  tarsal  bones  may  remain  unaltered,  so  that  the 

"^^nds  of  the  tibia  and  fibula  overlap  them.     The  disease  in  many  cases 

^as  been  shown  to  be  followed  by  a  cancerous  or  sarcomatous  outbreak 

^n  some  part  of  the  body.     It  is  a  very  chronic  affection,  lasting  for 

^rom  ten  to  twenty  years,  and  is  seldom  a  cause  of  death  in  itself. 

"The  subjects  of  it  sometimes  become  mentally  alienated. 

As  regards  the  condition  of  the  bones,  it  seems  to  be  essentially 
a  slow  form  of  osteitis,  periosteitis,  and  absorption,  whereby  new  bone 
is  deposited  in  parts  and  removed  in  others.  Hence  the  characteristic 
deformity.  Where  the  bone  is  rarefied  the  Haversian  canals  are 
dilated  ;  where  new  bone  is  thrown  down  they  are  usually  contracted. 
According  to  Stilling  (No.  13,  cix.  1890,  p.  542),  the  disease 
begins  immediately  underneath  the  periosteum  or  dura  mater,  as  the 
case  may  be,  and  gradually  spreads  to  the  inner  parts  of  the  bone. 
Howship's  spaces  show  themselves  where  absorption  is  going  on  indis- 
tinguishable from  those  of  ordinary  rarefying  osteitis,  and  by  their 
instrumentality  the  bone  is  partly  destroyed.  Round  about  where 
absorption  is  proceeding,  however,  a  new  formation  of  bone  is  also 
taking  place,  it  may  be  within  the  periosteum,  the  medulla,  or  both. 
The  two  processes  of  osseous  absorption  and  osseous  regeneration  go 
on  side  by  side.  The  new  bone  is  at  first  devoid  of  calcic  basis,  and 
remains  so  for  a  considerable  time.  Hence  the  bending  that  takes 
place  in  the  long  bones  of  the  lower  extremities. 

LUeraturt  on  Osteitis. — Barline  (Osteitis  Defonnans) :  Illust.  Med.  News,  ii. 
1889,  p.  292.  Bnsch:  Arch.  f.  klin.  Chir.,  xxiv.  1879,  p.  331.  Chitton  (Osteitia 
Deformans):  Trans.  Path.  Soc.  Lond.,  xxxix.  1888,  p.  259.  Garr^ :  Fortschrit.  d. 
Hed.,  iu.  1885,  p.  165.  Goodhart  (Osteitis  Deformans) :  Trans.  Path.  Soc.  Lond., 
xxxix.  1888,  p.  262.  Hntchinson  (Osteitis  Deformans) :  Illust.  Med.  News,  ii. 
1889y  p.  169.     Olteitis  Defonnana  (Series  of  Papers  on) :  Med.  Press  and  Circ.,  1. 


Fro.  51S.— OSTEITIJ*.  TWCLVr    DaVS  old,   AJITinrtALLT    IXOrCED  IS   RaHIHT'*  FlUllTII,   MlUWlW 
BONR    AlltiORmO??    ASTD    liONE    FoHJWATIOX  (  X  435    lMA3fH.) 

(A>  Dc»ii«  tlssuu  :  (B)  iit*vvly  runiii'il  iifii1)iHii1»  iinvfectfng  into  riiii*iliillii«    <«^  a)  Gfnut  oiilb  o* 
CMteoctiifltK ;  {h,  h)  tvooe  corpuM-len  ntulLTg^iiug  tmiiiirontiiitiori  iuti>  4mi(*oeUi«ta;  <f*,  c)  jtmall  iciUo- 


1039.  The  most  import jint  variety  of  this  tHscas€  is  where  it  is  c»f 
a  septic  nature.  Xo  coTTi]ilicaliori  was  more  ti>  fie  feared  in  prcunti- 
septic  times  as  a  result  of  cDnifJound  fracture  than  this  septic  inHosn- 
miition  of  the  methiUa,  and  none  proved  a  more  fertile  source  of 
destruction  of  the  lioiic  arid  pya-niiu. 

The  nicdidla  h  nioi'e  or  less  extensively  reddened  fi*um  oongeseion 
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of  its  vessels,  and  its  interspaces  are  in  parts  bathed  in  pus.  The 
result  is  that  it  assumes  a  peculiarly  dappled  appearance,  some  parts 
l>eing  yellow-coloured,  others  more  or  less  red. 

The  parts  teem  with  the  organisms  of  suppuration.  At  one  time 
it  was  supposed  that  the  disease  was  caused  by  an  organism  having  a 
special  affinity  for  this  part  of  the  body,  but  the  researches  of  Ogston, 
Kosenbach,  Krause,  Kraske,  and  others  (see  Bibliog.)  have  now 
settled  that  the  staphylococcus   pyogenes  aureus  is  of  itself 


'  *«i.    il^ — OuTBOMYELIXm  ARTiriCIALLY    INDl'iED    IX   THE  TiBIA   OF  THE    RaBBIT  BY   IX.IEl.TIXO   A 

Culture  of  Staphyuxx)ccuh  PYcxiEXEs  Aureus  into  a  Veix  of  the  Ear. 

The  period  which  intervened  between  the  iujection  and  the  t'xaniination  of  the  bone  was  five 
days.     The  drawing  Hhowii  the  Uaveriiian  canals  diAt«'n(le<I  with  the  or^riisni. 

(A,  A,  h)  Haversian  canals  distended  with  coocih  ;  (h)  matrix  of  thn  bon<». 


^^pable  of  exciting  the  disease,  and  often  does  so,  this  l>eing  also  the 

Organism  oftenest  associated  \\'ith  su[)puration  in  other  [>arts.     Garr6 

(Xo.  11,  1885,  p.  165)  showed  that  the  yellow  coccus  so  abundant  in 

the  pus  of  osteomyelitis  is  identical  with  that  occurring  in  carbuncles 

and  in  paranicium. 

In  niunbers  of  cases,  however,  other  organisms  besides  the  alcove 
have  been  found,  such  as  streptococcus  p.  albus  and  strepto- 
coccus pyogenes.     The  disease  is  therefore  the  result  of  a  mixed 
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infection ;  there  i^  the  iiossihility  that  every  c>rj^4inf*ni  wrhic  h  hM 
pyogenic  pro|>ertieii  may  prove  to  l»e  cnpahle  of  ciiUing  it  forth. 

Krm&ke  (No.  9%  xxjIy,  1S87,  p.  721]  rolntos  tUo  cue  of  a  liJ  wbo  mtTenKS  thws 
c&rbnnrl(t«lik«  iJifUmrttftHou  ortho  lowi^r  lip,  fotlowtnl  by  in  ostoomyolitij  ofmwmtl 
bones  «if  the  body.  Tlif^  stiipliyloroeeus  [>,  miiviis  wna  ahuucJ&Dt  both  la  Ibf 
carbuncle  Aud  in  the  «(riH!tcd  hme  tnAirow.  He  regmrilji  the  dkioiae  uodtr  muck 
circunuitincM  u  a  pyi^inu,  mid  thu  »b«c«aM8  of  ftiusclc«,  ictoiis  tnembraantit  •Mt, 
BJi  coofiUnaU^  «.lT<«cdona.  Aaor^liiig  ta  Tubby  (No,  ^3,  icWil  18&0»  ji.  ^^  tfct 
rn«clullA  and  thtr  jiutii-e}>i}»by»ml  junction  Are  the  two  ]iiirt«  of  boue  whkh  hirOTitf 
iiioat  reftdily  infected. 

A  Urge  projKniion  of  eiwes  »ro  not  traumatic  in  their  origin, 
KrAike   (No.    9l',    xxxiv.    18»^7,    p.    701)   hid<ls   that   the   urgatiiso 
invasion    nnder    thet^e   circunistarices    itijty    take    place    through   the 
tntestijie  or  lung. 

Z2^  ei  }iffp     Altl^elt;  Bvitraff  jtur  Udttv  von  tht  '  pelfsts: 

UrK  die  iiifei'ti<w  oHUnmiyfluU,  IHI»0.    Aymla:  I'  ray^JUl», 

1886.  Francon  :  Dr  Toit^imy^'liti'  tn!^idj«M)Sf\  t^^4>  JabooUiy ;  Lt3  iuii*itiW  t|» 
ruHtf'omyt'dite  at^Ui%  1885.  Kbstlin  :  K.vfK^mni'ikttdlrM  lib.  d.  arutr  ttifnctitt«^  O^tfo- 
myelitic'  issi).  Krulce:  Arcli.  i\  klin,  tjyiir,  x.wiv,  iSNrt^h-^  jv  701.  Knuise 
(MirttK^KTUAt:  Fortacbr.  d.  Med.,  IMjii,  ii.  p.  221.  Lannelong^e  and  Achard: 
Aun.  d**  I  hist.  Pjiiit^'ur.  v.  1891,  y,  l*0'A  Mirovitch  :  D<AdiviTT«?«  funimde  roM*<»- 
iny^iit«,  i't«%,  }S9(K  Ogston  MirnHiicrun  :  .luiijii.  Aiml.  and  PliyiioK,  xtU.  1(82, 
o.  IF.  Rib1>eTt  iUrgnniKnisufi ;  r>fui.  mmmI.  Wr»€hn(ichr..  it.  18fi4,  p.  «i!i2.  Rodct: 
b(iiiipt«ii  rend,  de  rAoad.  dc«  »eiciie»,  xcviii,  1884,  |i.  5llU,  Rosenbach  {)tict«« 
oooctis) :   CVutmlbl.   f,   Cbir.,  1S«4,   No,  5;  aim,    IVul,   Zritaclir   1.   Chir.»   x.   n. 


RtCKns  {WuicMU). 

1040.  Definition.  —  A   disease   of   childhood    ch&nu!Cenaad 

general  malnulrittoti  mul  n  snft  pliable  onriflition  of  the  tionei 
reeultiit;^  in  crrtnin  cbamcleristic  ilefcirtnitie.i. 

General  Features. — The  ricki*iy  cotustimtion  is  jx^rticuUrly 
comnu^n  in  this*  country,  urul  is  sn'ui  to  hH\e  been  first  nttticed  oiily  m% 
recently  n*  the  middle  of  the  tteventeeuth  century.  The  di«caae  la 
eaaentittlly  one  of  chiUlhtHxi  and  nuiy  »huw  it+wlf  (r*nn  six  t4>  neven 
monthis  idU'V  birth.     It  ji;iwie»  through  three  distinct  Hlagea,  namely — 

(1)  The  stage  of  incubation; 

(2)  The  stage  *A  defomiity  ;  and 
(.1)  The  fitage  of  reetitutioii. 

Tile  disease  commonces  $«)mewhHt  insidiously^  the  ^rmpt<cifiis  (a 
the  first  Stag'e  lacing  thosn  of  genend  mnluise  without  any  aheralifin 
|>oiiitlng  to  the  bones.  Thi're  in  impiimifut  of  digestion,  accomjianied 
evidently  by  mahis^iniilatitm  together  wii\\  diministhcn!  \ital  fiower;  the 
abdomen  ij^  eswolb'n.  The  whole  of  the  phenomena  in  this  stage  {loint 
lo  deningimient  of  the  processes  necessary  fur  healthy  nutrition. 


tin    the    second    stage   the  l>Diies    become 
eforiii€(L      Tilt'    juiutitjii    between   epiphysis    antl 
bickened  and  tuberoj4e  asi)ect, 
lore    especially    in    the    wrist 
nd  ankle   joints.      The   point 
f  union  between  the  curtilage 
f  the  rib  and  the   Ijoiiy   pirt 
of  the  siiine  is   in   a  like  con 
dition,  so  ihiit  on  passing  the 
hilt  id  down  I  he  side  of  the  chest 

lK?aded  feeling 
catetl  to  it.  The  cartilage  of 
the  rib  fits  into  the  bone,  as 
Virchow^  expresses  it  (No.  13, 
V.  1853,  p.  430),  like  an  acorn 
into  its  cupula.  The  uniun  of 
the  flat  iHines  of  the  skull  is 
int^?rriiptedj  so  that  these  bones 
continue  unnnit&l  and  the  fonla- 
nelles  open.  The  bones  for  hm^ 
remain  in  it  very  attenuated 
condititHi  and  are  diuphanons. 
The  1  wines  of  the  face  appear 
to  lie  under-ileveloped,  and  the 
defect  is  rendered  still  more 
apparent  from  the  large  size  of 
the  heafl.  Normal  dentitinn  is 
interrupted  J  or,  it  may  he,  ir* 
completel}^  arrested,  and  the 
teeth  tend  to  decay. 

Owing  to  the  deficiency  of 
lirae  salts  within  them  the  Imnes 
Hre  rendcrcfl  pMalile,  and  accord 
ing  to  the  pressure  Inought  to 
lx;ar  ujMm  tlieni  they  yield  arul 
lieeome  characteriHtically  de- 
form ed  Thu^,  fron^  having  to 
support  the   Ufd)%   the  lower       Vio,:.n.--Ra^cHm.  r^v^  i^iursirchon 

Avf  rAmif  iVc     i*!'].     L..nf  Tk..  *'^'  "*  Eiilarg*Hl  bar  of  cartllag.*  t*4wptMJ  eplpliysin 

cxi;reiiiii:ic:>    ^n^    nun.       i  (it   ^„,j  g,j^ .  ^^  ,,^  ^^,^  i^pipiiyMiAi  une :  (c, .)  iti»»  vhh. 

convexity     is     usually     outwards    niljir   lnyer  characteri»d1    by  tbo  nconplng  out  of 

(sonu  vanua  or  bow-lei's),  some-  '"*^i"i^»o^  h-k-^*.  »»*!  i»«*"  pn»f«:tirtn  int.>  thnin  of 

^Y  .  1.1  va^icubir    loof>H ;   (f/)  L'*ivlr»»  of   oMlfiratinri   in    th* 

times    inwanls    (genu    vidgiun   ,.piph),i'*. 
or  knock'knee).     The  b<>nes  of 

the  arm,  being  less  severely  taxed,  do  not  tend   to  yield    in    any- 

iHing    like    the   same  degree  as  those  of  the  leg,    Imt  nevertheless 

came  l^ient       There  may  be  confiii<lerii!ile  distijrtiim  of  the  clavicle. 

the   child   is  allowed   to   walk  about,  the  pelvis  may  be  driven 
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inwards  around  the  acetabula,  but  if  kept  in  the  prone  position 
this  may  in  great  })art  be  avoided.  The  spine  also  suffers  cun*a- 
ture,  mostly  an  exaggeration  of  its  natural  flexures,  but  also  in 
a  lateral  direction.  The  sacrum  is  driven  forwards,  so  that  this 
adds  to  the  deformity  of  the  pelvis.  These  deformities  of  the 
|>elvis  Txmy  become  fixeil  and  })rove  a  serious  complication  in  par- 
turition. The  pelvis  also  becomes  deformed  in  malacosteon  iir  adult 
rickets^  but  there  is  this  difference  between  the  two,  namely,  that 
in  true  rickets  the  deformity  is  more  irregular.  The  ribs,  being 
insufficient  to  resist  the  negative  pressure  of  the  chest  during  in- 
spiration, tend  to  l)e  driven  in  laterally,  the  Stemum  at  tlie  same 
time  being  protruded.  The  deformity  is  known  as  pigeon-hretiM^ 
a  deformity  which  may  become  permanent.  The  cranial  vault  is 
stretched  and  the  cajwcity  of  the  skuU  increased ;  the  broW  appears 
massive,  but  at  the  wime  time  distort4?d.  If  the  child  rest  con- 
tinuously upon  the  occiput  or  jKirieUil  bone,  the  lK>nc  is  liable  to 
Income  absorbed  at  jmrts  where  the  pressure  is  greatest,  and  apertures 
are  formed  in  it.  The  con<lition  was  named  Craniotabcs  by 
Klsiisser.  (irowth  is  interfere<l  with,  and  is  not  entirely  compensated 
for  later  on,  so  that  rickety  individujils  are  generally  of  small 
stature. 

When  a  section  of  a  lx)ne  like  the  femur  is  made  in  its  long 
axis  the  chief  jHiints  noticeable  are  the  large  size  of  the  bar  of  car- 
tilage which  intervenes  Initween  the  ossific  centre  or  centres  of  the 
epi})hy8is  and  the  shaft  (Fig.  517,  a).  The  Iwir  of  airtilage  is  much 
more  irregularly  beset  with  absorption  spaces  than  in  a  natural  }K>ne. 
The  spaces  are  large  and  their  vascularity  is  also  greater  than  in 
health.  The  extreme  breadth  of  the  epiphvsial  line  is  also  remark- 
able. 

Tho  essential  jKithological  feature  of  rickety  l)one  will  Im;  easily 
un<lersto(Kl  by  reniemberiiig  (see  Sect.  102."))  that  l>one  is  at  first 
simply  a  laininated  fibrous  tissue,  and  that  ossitication  is  completed 
by  the  cal<'ic  salts  bi'ing  precipitattMl  in  the  interstices  of  this  fibnms 
matrix. 

In  rickets  the  osteo)>lasts  are  superabinidaiit,  and  they  arninge 
themselves  around  the  margins  of  the  absorption  sjKices  in  the 
carlilauc  jnst  as  in  natural  ossiticatioti.  They  go  so  far  in  fulfilling 
their  developmental  ititention  as  to  throw  out  the  fibrous  matrix  of 
the  b<»ne.  which  even  assumes  a  honiogetieous  aj)pearance,  pi-olmbly 
fn>!n  bein.u  intiltrated  with  collagen.  J^ut  here  the  process  cea.si*s. 
The  final  stroke  necessiiry  to  convert  the  fibrous  matrix  iiUo  true 
Imuic,  namely,  th<*  deiwisition  of  calcareous  salts,  is  wanting.  The 
OHtr(»l)la>ts  eitliei-  have  l«»st  for  the  time  iK'iug  the  })ower  of  secreting 
these  salts,  <n'  the  materials  necessary  to  form  thetn  fail  to  be  brought 
to  the  part.  The  bon(»,  eonse<iuently,  does  not  seem  to  eh)ngate. 
The  crude  lil»rnu>  ti^^ue,  which  is  its  >oh'  n'presentative,  accumulates 
.It    the   rpiphy>ial    line,  and   aloni;  with    the   uiididy  great  va.scularity 


Flft,  51^,— rirrThix   or   fUi  KKTY    UlH  or  CunH  CLOWK  TO  Ttli:  CAHTlUUi*    (X.lOf)  DiAJIsI,) 

(u)  Tmti«ciib  of  nnt-jil€lflr<«[  boii«  ;  (^)  ceiftrml  jmrt  of  tnitwcula  with  ftligbl  i|pih«it  of  cAlc^reotu 
»alu.  »lriiOiilt«l  (*n*t«i>ly  befurd  th^  nttack  of  rlcketa  anpervenwl :  (c,  r)  t»teoti1»HU  lyVujc  iu  contwl 
VfttU  lli**<nbi"jun)  Ipjup  ;  (^i^  *(}  l*k«o«l-v»»»»C'J«  Sii.  tr«tti*cuiar  opaceii ;  {r)  Ioomu  Hbro-ct^Uiidar  Umud  JSUIiig 
tJie  8|iac«  (Pk  ro-cannhiff  ami  Fnrroiitx'  *?!,) 

ftbrous  tissue,  the  sole  represeritalive  of  the  bone  which  has  be«n 
Mowiy  formed  The  former  with  piiTo-airmine  stoiiiB  yellow,  the 
latter  pink.  All  further  onsifiCT-tion  js  arrestetL  lUrt'ly,  if  evor,  docs 
the  cartiluge  iip|>eiir  to  have  undergone  the  calcifi coition  preliminary 
t^  otisiHcatioii.  The  periostejil  Ixjue  is  likewise  represented  by  tiiirous 
VOL,  H  3  H 
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tissue.     It  k  laid  down  in  successive  laminae  without  usually  a  vestige 
of  calcificiition  in  \ts  midst. 

The  third  stage  is  that  of  restitution,  and  in  this,  ossifiaitioii.^ 
sets  in  with  nrnisuuily  fp^Qnl  vigoiu*.  The  deformities  at  the  ©nda 
the  long  bones  disappear,  and  the  cvirvatures  which  may  ha%'e  takeii 
place  in  them  often  right  themselves  in  a  wonderful  manner,  although* ^ 
in  most  instances,  the  bones  of  the  lower  extremities  to  a  cerlAin 
extent  remain  permanently  bent,  Duiing  the  height  of  the  djj 
penost^l  ossification^  as  can  be  well  supposed,  {»  also  arrestrd,  I 
in  this  stage  it  regains  vigour,  alike  with  that  which  is  miinifest 
ing  itself  within  cartilage.  Massive  reluys  of  j»eriosieal  lK)ne 
thrown  down  bei»eath  the  periosteum,  and  seemingly,  as  a  sulje^ti 
for  the  loss  of  mecharjicnl  advantage  caused  by  the  curvature%^ 
periosteal  deposit  is  greatest  on  the  eonciive  aspects  of  the  honesj! 
The  amount  of  the  deposit  seems  almost  proportional  to  the  extent  f>f 
the  bending.  The  bones  of  the  head,  p-clvis,  and  thorax  do  not  ^hnw 
anything  like  the  same  restorative  power  possessed  by  the  long 
bonc'i. 

As  may  be  supposed,  rickety  Invnes  become  unusually  ilen*t*  in 
later  life,  and  it  happens  freijuently  that  if  the  iJermanent  defonniiy 
be  gr^ity  the  muscular  system  is  correspondingly  over-develojietL 


Chemical  Amilffsis  of  the  Bones  in  BidtetiL 


.  ,kJB 


If  examined  when  the  disease  is  at  its  worst,  the  bones,  from  thf 
deficiency  in  earth}*  salui,  will  l>e  fciund  to  be  specifically  light.  The 
waier  and  organic  matt^^r  within  them  is  increased.  The  fat  also 
seems  to  Iw  c<inj<idcrnbly  over  the  average,  but  is  not  in  so  grMt 
quantity  as  in  mollitirs  ossiiim,  Hsdlilmnon  says  (Na  568»  p.  511) 
tJiat  occasionally  they  do  not  yield  normal  gelatine. 

The   following  t^ible   taken   from  various  analyses  (quoted   fi 
Charles'  FhymoL  and  Path,  i'htm.  p.  305)  gives  the  relative  ctimpcwitii 
of  the  bones  in  rickets  and  in  the  normal  lx)ne  of  a  child : — 
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Essential  Pathology  of  Rickets, 

There  are  several  possibilities.  Thus  it  might  be  (1)  that  there  is 
something  inherently  wrong  in  the  secretive  activity  of  the  osteoblasts ; 
(2)  that  there  is  a  deficiency  in  the  earthy  salts,  and  more  particularly 
the  phosphates  contained  in  the  food ;  or  (3)  that  the  essential  salts 
are  not  absorbed  from  the  digestive  tract.  All  these  theories  have 
had  their  champions,  but  as  yet  it  may  be  said  that  no  very  conclusive 
arguments  have  been  adduced  for  the  one  or  the  other.  Of  them  all, 
the  first,  that  which  presupposes  an  inherent  metabolic  defect  in  the 
osteoblasts,  seems  the  most  feasible.  The  osteoblast  is  so  closely  re- 
lated to  the  ordinary  fibroblast  that  it  is  quite  conceivable  it  might  lose 
its  true  bone-forming  properties,  and  revert  to  what  has  in  all  proba- 
bility been  its  primitive  type. 

Of  course  if  bone  salts  are  totally  withheld  from  the  food  the  bones 
will  suffer.  Thus  Lehmann  (No.  569,  1878,  p.  495,  reported  in  No. 
570,  1878,  p.  987)  found  that  a  young  pig  fed  exclusively  on  potatoes 
developed  softening  of  the  bones  after  an  interval  of  126  days.  They 
remained,  as  might  be  expected,  soft,  translucent,  and  pliable.  It  is 
to  be  questioned  very  much,  however,  whether  a  habit  of  body  so 
induced  is  comparable  with  that  of  rickets.  In  rickets  there  seems  to 
be  some  deeper-seated  defect  in  the  bone-secreting  mechanism  than 
can  be  accounted  for  by  mere  abstention  from  the  necessary  salts. 
This  is  borne  out  by  the  almost  complete  want  of  success  following 
the  administration  of  bone  salts  medicinally  even  in  excess. 

The  connection  of  the  disease  with  syphilis  has  often  been  mooted 
but  never  conclusively  proven.  The  conditions  which  engender  and 
perpetuate  the  disease  appear  to  be  those  which  may  be  included  under 
the  term  had  hygienic  sunoundings.  The  disease  is  most  rife  among 
the  denizens  of  the  slums  of  large  cities ;  it  is  almost  unknown  where 
the  conditions  of  life  approach  ideal  perfection.  The  rickety  constitu- 
tion seems  to  be  distinctly  hereditary. 

It  should  be  mentioned,  as  tending  to  disprove  the  syphilitic  theory 
of  the  disease,  that  rickets  is  common  in  the  lower  animals  such  as 
the  calf,  pig,  and  especially  the  dog.  It  commences  usually  >vithin  a 
few  weeks  after  birth. 

FcETAL  KiCKETS  (see  Cretinism), 

LUertUure  on  Rickets.— Kkdohtxg  and  Marchand  (Fcetal,  with  Numerous  Re- 
ferences) :  Beitrage  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler),  v.  1889.  Neumann : 
Ueb.  foetale  Rachitis,  1881.  Pommer:  Osteomalachie  u.  Rachitis,  1885.  Roloff 
(in  Animals) :  Arch.  f.  path.  Anat.,  xxxvii.  1866,  p.  433.  Schiitz  (in  Dog) :  Arch. 
f.  path.  Anat,  zlvi.  1869,  p.  350.  Smith :  Internat  Encycl.  Surg.  (Ashurst),  i. 
1882,  p.  251.  Stiebel:  Virchow's  Handb.  d.  s|)ec.  Path.  u.  Therap.,  i.  1854,  p. 
527.    Virchow:  Arch.  f.  path.  Anat.,  v.  1853,  p.  409. 


CHAPTER    LXXXIX 

DISEASES  OF  BONE  AND  JOl^sTS— (Co „t in  ho f) 

MOLLITIKS    OSSIIM,    OsTKC)MAL.\CinA    OR    MaIACOSTEOX. 

1041.  This  disense  is  sometimes  called  adult  rickets.  With  the 
exception,  however,  of  the  l>one  wilts  Iwin^  deficient  both  in  mala- 
costeon  and  rickets,  and  thus  allowing  of  the  l>ones  bending,  thei*e  is 
nothing  to  lead  one  to  8Ui)i)ose  that  they  have  much  in  common.  It 
appears  to  be  i)eculiar  to  women  who  art*  pregnant  or  who  have  alrejuh* 
borne  a  child.  It  is  continually  mist^iken  for  fragilitas  ossium,  a 
disease  in  which  the  lK)ne  Injcomes  uiuisiuilly  fragile  and  breaks.  The 
published  accounts  of  the  puerjHjnil  disease  do  not  indicate  tluU  the 
1>ones  are  jKirticularly  fragile,  but  rather  that  they  bend  like  a  rickety 
bone  and  l>econie  distorted.  So  great  is  the  distortion  that  sometimes 
the  lM)nes  of  the  inferior  extremity  may  be  cajxible  of  l>eing  twineii 
round  the  neck  of  the  individiud.  Fragilitas  ossium,  on  the  contrary, 
is  not  necessarily,  nor  is  it  generally,  accomiKinied  by  distortion.  The 
moUities  of  child-bearing  women  seems  to  |H»ssess  chanicters  of  its 
own  which  do  not  exactly  nin  jKirallel  with  any  other  form  of  Ixme 
attection. 

It  is  essentially  a  disease  of  adult  life,  coming  on  usually  fn>m 
twenty-five  to  thirty-five  years  of  age,  and  has  a  prtnlilection  for  the 
fiat  Ixmes  such  as  those  of  the  i>elvis,  and  iuv  those  of  the  tnuik.  In 
certiiin  instances  nearly  every  l>one  in  the  IkkIv  may  l)e  the  subject  of 
it.  Up  till  the  time  of  onset  the  lM)nes  generally  may  have  In^on 
healthy  enough. 

The  disease  conmiences  in  the  pelvic  bones.  They  Iwcome  softeneil 
gradually,  but  to  such  an  extent  that  they  yield  to  stmin  and  assume 
characteristic  deformities.  Perhaps  the  most  disastrous  is  that  of  the 
jK^lvis.  The  acetabulum  is  driven  in  by  the  hwid  of  the  femur,  and 
the  lumlMir  vertebra*  are  pushed  forwards  and  downwards.  In  thi* 
p»sition  the  liones  ))ec(mie  i)ermanently  fixed,  the  deformity  interfering 
seriously  with  jKirturition.  There  is  not  the  siime  tendency  to  this 
deformity  in  rickets,  Injcause  very  often  the  child  is  not  walking  at 
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the  time  of  the  attack,  and  hence  the  acetabulum  is  not  driven  in- 
wards. 

The  disease  is  usually  aggravated  by  successive  pregnancies.  The 
future  of  the  individual  is  not  hopeless  ;  the  disease  may  be  arrested. 
A  large  proportion,  however,  of  the  subjects  of  the  disease  die  from 
the  complications  of  labour  caused  by  the  deformities,  many  from  in- 
terference with  respiration,  caused  by  deformity  of  the  chest  and  spine, 
complicated  with  general  malnutrition. 

There  is  difficulty  in  finding  a  reliable  account  of  the  general  condi- 
tion of  the  bone  in  this  puerperal  disease.  The  bone  is  usually  described 
as  being  of  a  peculiar  wax-like  consistence,  so  that  in  severe  cases  it 
may  be  bent  like  one  which  has  been  decalcified.  The  medulla  is  also 
described  as  being  red  from  congestion,  so  much  so  that  the  disease 
has  been  regarded  (Litzmann)  as  of  inflammatory  origin.  The  presence 
of  an  excess  of  oil  in  the  bone  seems  to  be  admitted  on  all  hands. 

As  regards  the  histological  appearances,  data  are  equally  unsatis- 
fact/ory.  The  general  impression  is  that  the  halisteinsus  or  absorption 
of  lime  salts  commences  at  the  edge  of  the  trabeculae  and  proceeds  in- 
wards. The  author  is  also  unaware  of  a  reliable  comparative  analysis 
of  the  bones  in  this  disease. 

There  is  nothing  known  of  its  intimate  pathology.  It  has  been 
asserted,  but  the  theory  seems  very  crude,  that  the  foetus  absorbs  the 
bone  salts  necessary  for  the  maintenance  of  the  maternal  bone. 


Fragilitas  Ossium. 

1042.  The  most  prominent  feature  of  this  disease  is  the  biscuit-like 
brittleness  of  the  bones ;  so  extreme  is  this  that  they  fracture  on  the 
slightest  strain.  It  is  common  among  old  people,  in  the  inmates  of 
asylums  for  the  insane,  and  very  often  in  those  who  have  suffered  and 
it  may  be  died  from  cancerous  or  sarcomatous  disease.  Of  all  the 
bones  in  the  body  the  ribs  are  those  which  suffer  most,  but  the  long 
bones  of  the  limbs  and  the  vertebrae  are  also  often  contemporaneously 
affected.  The  humerus  may  snap  across  on  being  bent  between  the 
two  hands. 

The  bone  seems  to  be  particularly  porous  internally,  and  the  dense 
casing  of  periosteal  bone  is  attenuated.  The  brittleness  does  not 
appear  to  reside  so  much  in  a  want  of  bone  salts  as  in  an  extreme  rare- 
faction of  the  bone.  Hence  the  bone  becomes  brittle  without  being 
much  bent 

Histologically,  Langendorff  and  Mommsen  (No.  13,  Ixix.  1877,  p. 
474)  make  out  that  there  is  dilatation  of  the  Haversian  canals,  which 
in  part  are  transformed  into  medullary  spaces.  The  cement  lines  (v. 
Ebner)  which  intervene  and  map  out  the  borders  of  the  Haversian 
systems  have  almost  vanished.  The  borders  of  the  trabeculse  of  bone 
stain  red  with  carmine,  probably  owing  to  their  being  deprived  of  their 
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"marrow  n-as  infiltrated  with  niimefoua  round  cells.  Giant-cell?  were 
contained  in  the  dilaf-ed  Hiiversian  canals  (Fig,  519),  Cyst-liko  ca^iticia 
were  also  found,  thti  ljir*:;est  of  which  were  lined  by  a  memhnuie  imd 
contained  a  deai^  alkaliTie  fltiicL  The  small  cysU  were  filled  with  a 
ruftUbrown  coloured  liquid  containing  granidar  matter  and  fat  dropi. 
He  thinks  that  these  cysts  were  due  to  hjemorrhage.  In  some  CM6i 
of  fragilitas  ossiiini  or  osteomaku-hia,  as  he  calb  it^  there  was  an  abaeooe 
of  giant-cells.  Parts  of  the  bone  showed  the  tmlieculce  to  be  purely 
fibrous  (Fig.  520j.  Weber  (No.  13,  xxxviiL  1*S07»  p.  3)  stated  that 
after  the  salts  are  removed  a  fihro-cartilnginous  texture  remains  which 
may  Imj  in  a  state  of  i>rolife ration  and  occasion  a  8iM>ciea  of  enchondrcN 
matous  degeneration  of  the  bone. 

The  disease  would  thus  Hj)|K*ar  to  be  one  in  which  the  bone  sftlu 
are  |mrtially  removed,  but  in  which  sul*ae4juently  a  ntrefaction  of  tilt 
bone  ensues  by  distension  of  k»  Haversian  canals.  The  spaces  thlit 
formed  in  course  of  time  come  to  bo  tiMed  with  medulla  containillg 
much  fat 

It  might  1>e  expected  that  during  the  height  of  the  disease  tll6 
urine  wuuld  1m3  loaded  with  Ikjuo  salU?.  Litzraann  stated  that,  in 
several  cases,  he  found  it  rich  in  phosphate  and  carbonate  of  lime,  A 
white  chalky  sodinient  se|>ar(ite<l  from  it,  which  in  one  case  dissolved 
with  e(fervdSC6nce  on  aitdition  of  a  mineral  iicid,  Conlirmatorj  state- 
ments have  been  made  by  \VeV»er  and  Billroth.  Other  observers,  bow- 
ever,  have  not  ^^een  able  Uj  verify  these  asaertiona.  Thus  Moers  and 
Muck  could  never  find  increased  excretion  of  lime  in  three  cases  they 
had  vmder  observation.  1-rfingendortl'  and  Mommften,  in  their  Otfe^ 
never  found  the  jimoruit  «*f  lim»^  filtered. 

Theory  of  its  Pathology, — It  bis  b*  r  i.<l  that  the  cauie 

of  the  removal  of  the  l>onc  »n\u  is  the  jiresence  of  an  acid  in  the  port 
In  two  cases  examined  by  Welajr  (No.  13,  xxxviii.  iHfiT,  }x  10)  it  was 
asserted  that  the  medulla  of  the  l>one  gave  an  m^id  reaction  from  tlie 
presence  of  lactic  acid.  It  was  in  considerable  ciuantity  and  reaciily 
combined  with  zinc  oxide.  It  has  also  l»een  asserted  to  lie  present  in 
the  urine,  but  thi>4  may  have  been  accidental,  as  lactic  acid  is  a  ^Mmiwwi 
constituent  of  urine, 

ChemicaJ  Analysis. — LangendoHf  and  Mommsen  pCo.  1.1»  bdx. 
1M77,  p.  471)  give  the  following  relative  analysis  of  normal  bone  sikI 
ijf  that  from  the  case  just  referred  to.  The  normal  bones  used  fur 
conijjarison  were  jis  nearly  as  possible  under  the  same  conditions  as 
those  affected  %vith  the  disease  : — 

Norm.  Bone,         Osteom.  Bone. 
Total  weight  of  bone  examined        1 3*8663  11 7 1 43  Gr, 
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Fat  . 

Bone  ileprived  of  ita  fat    . 


Xorra. 
34-31 
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Norm. 

Make. 

54-24 

37-8 

45-76 

62-2 

Out  of  100  parts  of     J  Ash 
Bone  deprived  of  its  fat  \  Organ.  Sub. 

They   estimated   the  phosphoric  acid   and   lime   in   the  ash  by 
Mreighing,  and  found — 

Norm.  Bones. 
Ash 
CaO 
PO, 
Residue  not  analysed 


1-7484 

In  100  parts 

0-9276 

53-05 

0-7680 

43-93 

0-0528 

3-02 

Osteom.  Bones. 

0-9422 

In  100  parts 

0-4190 

44-48 

0-3275 

34-76 

0-1957 

20-76 

Ash 
CaO 
PO, 
Residue 

The  al)ove  point  in  particular  to  two  facts,  namely,  that  the 
amount  of  fat  contained  in  the  bones  of  osteomalachia  is  vastly 
increased,  while  that  of  the  lime  is  sensibly  diminished. 

Literature  mi  OstconiaJachia  mid  FragilUas  Ossium. — Dowse  :  Trans.  Path.  Soc 
Hiond.,  xxiii.  1872,  p.  186.  Duncan  (j.  M.)  [Rickety  and  Malacosteon  Pelvis]: 
Edin.  Med.  Journ.,  i.  1856,  p.  917.  Gibb  (Chemical  Constituents  in) :  Trans.  Path. 
Soc.  Lond.,  xiii.  1862,  p.  210.  Heitzmann  (Feeding  with  Lactic  Acid):  Maly's 
Jahresbericht,  iii.  1874,  p.  229.  Lang^endoi^  and  Mommsen :  Arch.  f.  path. 
Anat.,  Ixix.  1877,  p.  452.  Lindsay  (in  Insane) :  Edin.  Med.  Journ.,  xvi.  1870,  p.  414. 
Litzmann:  Die  Formen  des  Beckens,  1861  {Eiig.  Transl.  by  M.  Duncan,  £din. 
Med.  Journ.,  vii.  1862,  p.  453).  Moers  and  Muck:  Deut.  Arch.  f.  klin.  Med.,  v. 
1869,  p.  485.  Pommer:  Untersuch.  lib.  Osteomalachie  u.  Rachitis,  1885.  Rib- 
bcrt  (SenUe):  Arch.  f.  imth.  Anat,  Ixxx.  1880,  p.  436.  Roloff:  Arch.  f.  path. 
Anat.,  xxxvii.  1866,  p.  433;  Ibid.,  xlvi.  1869,  p.  305.  Schmidt  (Lactic  Acid  in 
Bones) :  Ann.  d.  chemie  u.  Phar.,  Ixi.  1847,  p.  142.     Schmuzig^er  (Urine  in  Puer- 

Kral):  Centralbl.  f.  d.  med.  Wissensch.,  xiii.  1875,  p.  946.  Senator:  Cycl. 
act.  Med.  (v.  Ziemssen),  Ewj.  Transl,,  xvi.  1877,  p.  209.  Shattack:  Trans. 
Path.  Soc.  Lond.,  xxxviii.  1887,  p.  270.  Weber  (Chemistry  of) :  Arch.  f.  path. 
Anat.,  xxxviii.  1867,  p.  1. 

OSTEO-SCLEROSIS. 

1043.  A  sclerous  condition  of  bone  has  already  been  referred  to 
as  resulting  from  osteitis  (p.  826).  It  happens  frequently  that  a  bone 
which  has  become  unusually  porous  from  rarefying  osteitis  increases 
correspondingly  in  density  as  the  inflammation  subsides. 

There  is  a  peculiar  disease,  however,  and  one  which  affects  chiefly 
the  bones  of  the  skull,  in  which  a  sclerotic  state  of  the  bone  ensues 
without  any  distinct  evidence  of  inflammation.  It  has  been  termed 
hyperostosis  cranii  or  cranio -sclerosis.  It  appears  to  com- 
mence in  the  bones  of  the  vault  and  subsequently  spreads  to  those  of 
the  face. 


Kto.  b'2l. — U*TC<i-?>i i.tR<.»Hi?i^    Calvauia  t«r  a  Maa  wiicj  rwm  wnii  ali    iiic  UosiJi  or  nit 
Tht  dijiloc  wa.>»  cntir«ljf  couvvrted  Itito  Mcleroof^  lioiie. 

weight  and  has  the  ring  of  a  mass  of  ivory.  The  cranial  cavity  is 
encroached  upon  by  the  thickened  bone  and  the  orbits  similarly 
become  progressively  narrowetl  in  ca|«icity.  The  nerves  and  vessels 
of  the  skidl  suffer  compression,  so  that  somctitnes  symptoms  in  accord- 
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neo  with  the  {*j\rif^  aft'ecttnl  nvv  ianhanmn^.     In  other  cases,  liow- 
T&ver,  the  disease  proceeds  alaiost  without  n  single  symptoiiL 
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10-44.  This  also,  as  already  detailed  (p.  826),  may  result  locally 
from  intiammation  of  a  lioiie,  and  is  very  often  seen  in  the  heads 
of  boties  a«  a  residt  of  tuberunlo^is  and  its  accomiwuiying  vuscuLir 
distension. 

There  is  a  general  disease,  however,  whieh  is  found  more  often  in 
the  lower  animals  than  in  Man,  where  the  liones  appear  to  become 
rareHed  ami  spongy  without  any  very  apjjarent  exciting  cause.  The 
horse  is  moat  Uahle  to  the  disease,  and  the  Iwines  of  the  head  and  face 
are  often  the  seat  of  it. 

The  affected  l>ones  assume  a  swollen  appearance ;  their  angles  are 
rounded  off;  and  the  head  consequently  increases  in  dimensions,  8(» 
far  a*  the  author  is  aware,  there  is  no  very  reliable  account  existiui^ 
of  the  minute  changes  in  the  bone  in  this  disease. 


SvrHiUTic  Disease  of  Bone. 

104i5.  As  in  other  puts^  syphilis  of  bone,  which  is  a  common 
diseane  either  in  its  congenital  or  aequiretl  form,  manifests  itself  by  a 
more  or  less  chronic  inflamniation.  This  inflanunation  is  fdllrjwed  liy 
excessive  deposit  of  new  tissue,  by  the  formation  of  giniuuata,  and  by 
a  tendency  to  ulceration. 

In  the  majority  of  cases  tht*  disease  shows  itself  first  in  the 
perioRtcuni«  an*l  may  remain  restneted  to  it.  Very  often,  however, 
the  bone  becomes  ifiviidcd  artil  destroy ef I  The  periosteitjs  in  such 
cases  is  characterised  by  tlie  intl;nnm:itory  tissue  tending  to  accunni- 
iate  in  fijcf,  so  that  ncn hilar  thickeningH  come  to  lie  in  the  substance 
of  I  he  njembrane  or  between  it  und  the  surface  of  the  Ixjne.  These 
are  known  as  syphilitic  nodes.  Their  centres  frequently  caseate 
and  become  converted  into  yeliow  gimmiata. 

S}"philitic  osteitis  afl'ects  chit- liy  tlie  hones  of  the  calvaria,  the  nasjil 
lK)nc«,  clavicles,  and  occasiinially  the  long  bones  of  the  extremities 
such  as  the  tiln'a.  It  commences  fis  a  i>eriosteitis  which  gradually 
implicates  the  bone  substance.  The  bone  becomes  very  dense  and 
sclerous ;  the  diploe  disappears,  and  the  medullary  canal  of  the  long 
liones  is  encro?ichetl  upon  hy  the  sclerous  surroundings.  The  thicken- 
ing which  occurs  in  the  lume  is  not  universal,  but  is  distributed  in 
patchas  on  a  Hat  bi>ne  or  forms  a  fusiform  thickening  throughout  the 
entire  circumference  of  a  long  bone.  The  hsud  bime  tissue  now 
egins  to  ulcerate  from  the  surface  inwards.  At  first  there  is  a  mere 
iighness  of  the  siu^face  from  minute  erosions  upon  it  like  Howship's 
cunip,  only  nut  so  sharply  punched  out.     The  destruction  proceetls 
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T\i«  oilier  ub)«f  «Bil  <lli4o^  if«  mvh  to  u*  «riai>]>-  ftmtriTyra^  taut  at  on*  ipol  pmtbm^km  1 

may  •cparate  owing  to  the  \miw  having  been  deprived  of  it*  perm- 
leani.  The  pus  and  df-bri«  resulting  from  the  diuntegmtion  of  the 
boDe  tissue  tend  to  accuinukte  under  the  f>eno8teuni  and  ta  foree  it 
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upwards  into  a  sac.  The  l)one  may  thus  be  laid  bare  for  a  distance 
of  an  inch  to  an  inch  and  a  half  round  the  ulcerated  |xirt,  and  this 
exposed  l)one  may  die  and  be  thrown  out  in  mass.  The  ulceration 
may  have  proceciled  for  long  before  the  skin  becomes  perfomted,  ])ut 
in  course  of  time  the  products  of  destruction  find  their  way  to  the 
surface  and  perforate.  They  thus  form  a  syphilitic  sinus.  The 
opening  in  the  skin  is  not  usually  so  large  as  the  idcerated  surface  of 
the  bone. 

When  the  medullary  caWty  is  perforated  the  discharge  frr)m  tin? 
ulcerated  part  may  accumulate  within  it,  and  become  inspissated  so  as 
to  present  the  appearance  of  a  carious  mass.  Particles  of  bone  are 
included  among  the  debris,  and  the  teini  syphilitic  caries  is  some- 
times applied  to  the  condition. 

The  amount  of  pus  thrown  otf  from  a  syphilitic  \touc  is  sometimes 
very  small.  It  is  said  that  the  calvaria  may  become  i>erforate<l  with- 
out almost  a  drop  of  pus  presenting  itself. 

WTiere  the  skull  is  perforate<l  the  adjacent  <lui'a  mater  lies 
exposed  in  the  depth  of  the  wound,  and  death  may  result  from 
meningitis  (see  p.  568).  This  accident  is,  however,  often  wanl^Ml 
off  by  the  dura  Incoming  very  closely  adherent  to  the  sides  of  the 
vacuity. 

The  bone  which  is  lost  by  ulceration  never  seems  to  l»e  refonnwl. 
Cicatrisation  of  the  surrounding  soft  [mrts  takes  place,  and  they 
become  puckered  down  to  the  fl'jor  of  the  ulcer.  There  remains,  how- 
ever, a  distinct  dimple-like  or  cup-sha|>ed  depression  in  the  Injne. 
When  this  occurs  the  destructive  ulceration  ceases,  and  (^ften  no 
further  trouble  is  ex]>erienced.  Even  where  the  skull  has  U'en 
extensively  eaten  into,  the  individual  may  live  into  old  age,  but  alway^^ 
with  the  mark  of  his  early  infirmity  indelibly  ])r)nted  u|Kjn  the  pait. 

Syphilitic  disease  of  the  joints  is  not  so  conimon  an  ailment 
as  that  of  the  periosteum  and  U>ne.  When  the  dis^.'a:se  ijas  U'^.-n 
acquired  it  may  take  the  form,  either  in  the  seconrlarv  or  terti;iry 
stage,  of  an  acute  or  suliacute  serous  effusion.  Sometimes  a  truv 
gummatous  inflanmiation  of  the  cajisule  hhows  its4'lf  in  the  teniaiy 
stage ;  or  the  joi  nt  may  Wcome  i  n tta m e<i  .s<-*con da ri  1  y  i^ >  u  sy j  *li  i  1  i  i  i c 
inflammation  of  the  Ix^ne  or  i>erio-teum.  In  here^Jitarv  hvphili*  the 
disease  much  more  often  assumes  the  ejiiphvi^ial  tyjx;  .seen  in  childr<rii 
(p.  846).  In  this  the  joint  may  l^ecome  s^rcon'iarily  implitat't'd 
(Schuller,  No.  92,  xxviii.  If^f^ti,  p.  473 1. 

In  Children. — Syphilis  is  a  rare  l»^>ne  diyr<i-<r  in  t}j».'  newjy-U^ijj. 
Out  of  a  series  of  forty  instances  of  children  ujj'J'''iV»t^'Jly  ^ypliiJiti*;  at 
birth  annotated  by  Wegner  <No.  l.*l  h  I'rTO,  p.  y/M'ji  at  \h*:  Chari:- 
of  Berlin,  there  were  only  two  in  which  disea>e  of  the  li'^ne-  of  xh*^ 
skidl  was  noticed.  Diwrafse  of  the  h.*ir^  )y>ne»?  wa-  rriruiijone!.  A 
common  s\-philitic  affection  of  the  j^.-rio-teuju  iu  chiidrvn  i-  that 
of  gumma-Iike  nviuler  a^xjMX  the  tiz'r  '»/  a  njillet - ■»e*r'i  or  h-rA:'.. 
Thev  are  hard  and  velJow,  and  eithe:   lie  euj^»*.'rfi'ied  iij  the  h:ih^iiin*^*f 
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of   the   membnine  or  project  from   iL     They  ure  often  situated  id 
the  frontal  or  wcipital  region. 

When  KjpliiUs  has  shown  iXmU  indabitably  lu  the  infjuil,  tht  bonet^  •ecoriingi 
to  the  iibove  authority  (f).  30H),  may  in  lourst'  of  timt*  Wconm  nfft^ci^  u  follows  :— 

In  tkf  Jitnl  9(uff€  the  chief  ciffonnity  is  in  thv  hcinler  Htt«  li^twiwii  the  r|U{thy»i* 
aitd  dtAphysijL  Th)M  h  broader  than  ia  a  hralthy  bone,  &ih1  the  incit^mvd  brendtli 
!•  due  diieily  tu  the  iiuusually  gnmt  dini^iisionH  of  the  ATvm  of  cartiUgiiiout'l 
iiilcitic'Atton. 

In  t/u  tetond  »lay€  not  only  in  tliis  area  of  cAldfif^il  cartilftg^  €V«n  moiv  eiftvnidTe, 
but  it  has  &  peculiarly  irregular  margin  on  the  tpiphysial  side.  o\iing  to  th«rK  Mug 
irregular  inlands  or  peninsular  of  ralcitk'ation  c'xtvnding  into  the  cartOai^iHius 
«ubstanc«.  Examiiiei!  iiacriHi»tH>{tit*alt7,  the  ruw^  of  cartilage  i*eltB  ar«  mtitn  1^  \m 
aniuiualljr  proUtie,  while  i\w  intrrvcuing  mutiix  is  meagrt-ly  dcvelojMHl ;  blood-nswU 
are  exulterant  within  the  calcific^^l  cartilage,  and  there  is  evident  delay  in  the  coU' 
version  of  thin  into  tnie  Uuie  tiMHue. 

In  the  thini  utagf:  the  atTected  joints  a«  well  as  th»'  U»nlrr  «on«  h'twiwu 
tlie  epi]ihy(iia  and  bone  aiisume  n  rickety  itppcaimnce.  The  |iGnchondrium  and 
ItfrioHU'uni  at  the  epipliyninl  nittrgins  Utoui**  thickeneil.  Mici-oseopically*  the 
AIt)itaranc«e  are  thoa«  noticn-il  in  the  aiHrond  stagr  in  a  Ktat««  *^  exaggemUon,  and  ta 
addition,  withlu  th«  soiia  of  calcified  cartilage,  there  are  portiofu  of  o^mmm 
(gtmuxiatottt  f)  tiasne. 

JMtnUurt  on  S^hitiik  DUenar  of  Bone  awl  Joijt£i.~6owlb7  (SyphiUtk) :  SC 
Baith.  Hosti.   Reji.,  xxvi.  1890,  p/83.     Hftftb:  Arch.  f.  i«ith.  Anat.,  Uv.  U7\ 

L8A6,  Hftmilton  Q.) ;  Leetur***  on  Syphilitic  Osteitis  and  rVno*«tcitiji.  isn, 
nderer  iSyjihiUtic  -  Anh.  f  klui.  Chir',  xix.  1S84,  p.  217.  Miiller:  Ardii.  f, 
tMith.  Anat.,  xeii  1883,  p.  fi32.  Parrot  (J.) :  An*h.  tL  i»hvHiol.  nomi.  ft  i«lk,  iv. 
1871  72,  p,  319  ft  xa,  ;  Ibid,,  iii.  ls7*i.  p.  133;  rt/#o  (in  Newly  Bom),  BulL  Sc«% 
Annt.  de  Tana,  xhiii.  187S,  p.  92;  IhuL,  1.  p.  i70,  Ruch :  *Arch.  t  Dtrrniai^h 
u.  Sy\^iu,  xxiii.  18tH»  p.  n.  Schuller  iSyjiliilitic) :  Arch.  t.  klin.  t:hir,  xtviii, 
188'/,  J..  473.  Stewart:  lllti«t.  M.-<1  Xru.;,  iii.  iM.sii.  \k  *lh\K  Stilling:  Arrh.  f. 
jmth.  Anat.,  Ixx.wiiL,  1HH2,  p,  fiOS*.  Taylor:  Sytih,  lysitmsof  the  ONueoti*  Hyttrni 
in  Infants  rtud  Voting  CM''"  •  i^TTi,  VeragutK :  An.'h.  f.  xtaih.  AnaL,  LuxIt, 
J?*H1.  p.  325.     Virchow    -  :  Bell   kTin.   \V0chnac5hr,  xxl  1M4,  p.  631. 

Wegener:  ArIi.  f  i«ith.  Ai  -70,  p.  3(*5. 
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TUBKRCLB  OF   BONE  AND  JoiXm 

The  Strurturt  and  Cminfriiom  nf  StfrumtU  MnnhmnM  and  aftk$ 
CiffmiU-s  of  JfjinU, 

lOlfi,    The  lynovial  mcmbrmoea,  it  will  he  remembered*  are  inacspambly  attaehid'| 
to  the  capaiule  of  the  joint  externally,  while  iutcniany  thny  ar*  ntiooth  and 
They  am  eoinp^ned  of  white  fibrouft  tiMue  bundles,  with  a  certalu  atlmixtitrv  of 
yellow  rlaitic  tibren.     Tlic  attachment  to  the  caj^ule  of  the  joint  in  effectid  thnnigli 
I  layer  of  lomewhat  lort«e  areolar  tiMtn%  with  occaMiotial  fat  atitl  cartilage  evlla  in  It. 
bift  lay4*r  contaUui  many  bhiod-vtrssi-lA,  whos^  ifapitlariea  |jriietrate  to  thf  ftubataiiotf  ! 
r  of  the  membrane.     The  joint  surface  of  the  mtanbrano  ja  coTered  bj  a  layvr  J 
of  ffmiiileil  or  |»fjlyg«mal  endiithelial  t^lla. 

Do  thvir  JDCwr  iur£M»s  there  are  certain  fohU  and  |ift>jnt-tioiia  of  ooiiaiikrabla  J 
fiatbologkal  importaiiee*     Tliey  are  known  as  plicae  synoviaJea.     fkam  of  I 
tarn  mmm  vMctilar  ridgei  of  fat,  and  are  known  lict  piicm  adipmm,  a 
Mmmnumm  Othtn  an  mor«  t xcluAtvely  raaeular— /Vftciv  99teu(gtm^9a4  u%  ] 
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ia  dll  joints.  Thpy  ure  Imateii  at  the  l"0it1er*j  of  tlit"  cartildgt^s.  They  nre  oft^^n 
hraticliptl,  Jiuij  are  «'(»nipt>s4ti  of  an  artery  and  viiu  bound  together  hy  white  libtuua 
tisifiie  and  a  few  cartila^i?  ceUn.  A  m-rve  hI.ho  runs  into  tht'in.  The  main  yesnels 
split  up  into  rt.  fine  eapilhiry  yilexns.  J'iMJi>t'ting  from  tlidr  free  extremities  are 
smaller  villu»-like  hodie-s— the  synovial  villi.  They  rei^eat  very  ranch  the  struetnre 
of  the  {Aiav  vnstndosit*,  hut  from  them  often  n  delicate  thri-addike  eonnectivo  tissue 
proi*ess  i»  pushed  into  the  joint,  whose  isultstaiiee  at  the  free  i^xtremity  is  LomjMJscd 
of  mucoid  tissue, 

Bvnentb  the  endothtlinni  of  the  niemhrane  lies  an  ahundant  i>lexu«  of  lymph- 

The  synovial  niembnine  eea-Mfs  nt  tlio  margin  of  the  articulnr  cartilages.  The 
texttire  of  the  otje  |iai^eji  ini»enMldy  into  that  of  the  other.  The  cartilages  are  devoid 
of  eudotheJiftl  inventnieut.     On  the  surface  uf  etTtain  articular  cartilages,  however. 


X" 


Fro.  &23* — Truiiii^'Li:  «jr  Nk'  k  ok  Fkmi  u  is  as  Eh^ht-vkaks-old  Boy. 
TliB flark  Un«*  )ii(lieat«  the dlivctlon  in  wliirU  Tt-nection  wjis  jiiuctiacd. 

JicconlSiig  to  Weiehsellianm  (No.  12,  Ixxv.  Ab.  III.  IL  15,  1877,  ]>>  204).  more 
partienlarly  thon?  of  the  heads*  of  the  humerus  anrl  femur,  there  is  to  be  seen  a 
delicate  layer  of  tissue  which  hxiks  at  tirnt  aa  if  it  were  sinijOy  the  driwl  sitrfuce  of 
the  cartila^t*.  He  regaitln  it  as  the  remnant  of  the  s\^mvial  inembraui'  whieh  at 
til  wirlier  j»erio<l  eoveretl  the  t:aililaji:jiuous  end  u^fthe  bone. 

It  will  further  be  horue  in  mind  that  the  cajisule  of  the  joint  is  Trniinlv  a  libroua 
tAXture^  but  that  it  euntaius  cartihige  cells  ;  nnd  that  it  is  continuous  with  the  outer 
UycT  of  {lenostruui. 


Musiijrtf  of  the  Sahj&:t  of  Tuber mhir  Comlitions  of  Emit  and  Joints. 

Sinc«  the  discoveiy  of  the  tuliercle  liacillua,  the  pjitholo^y  of  Tiiany 
obscure   diseases   of   bono,  nnd    itmro   especially   those    which    were 
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affected  parts,  but  can  be  demonstrated  on  sufficiently  diligent  search 
))eing  made,  particularly  in  the  commencement  of  the  disease.  Later 
on  tubercle  bacilli  are  found  only  here  and  there,  so  much  so  that 
Cheyne  (No.  6,  1891,  i.  p.  743)  supposes  them  to  undergo  some 
alteration  whereby  they  st^in  less  readily  than  in  other  situations. 
Injection  of  a  pure  culture  of  tul)ercle  bacilli  into  the  joint  directly  or 
into  the  nutrient  artery  of  the  bone  excites  in  the  bone  and  joint  a 
f ungating  disease  analogous  to  that  which  is  now  held  to  be  indicative 
of  a  tuberculosis. 

Konig  (No.  48,  viii.  1871,  p.  229)  and  Volkmaiin  (No.  114,  No.  clxix., 
Chir.  No.  11.)  were  the  first  to  assert  the  tubeirular  nature  of  these  diseases  of 
jointii,  and  this  mainly  from  the  purely  histological  characters  of  the  affected  parts. 
Their  observations  were  made  long  before  the  tubercle  bacillus  was  <liscovered.  "What 
they  asserted  has  been  amply  confirmed  since  the  true  pathology  of  tubei-culosis 
became  known.  Konig  established  that  many  instances  of  cheesy  suppuration  of 
joints  were  to  be  explained  by  the  presence  of  tubercular  de}>osit  in  the  synovial 
membrane  ;  and  that  bodies  having  all  the  histological  characteristics  of  tubercle 
were  to  be  found  in  the  fungating  granulations  of  joint-sinuses. 

The  term  caries  is  one  which  has  long  been  in  use  to  designate  a  |»eculiar 
broken-down  and  disintegrated  condition  of  a  bone.  The  bone  l>ecomes  softened  and 
rarefied,  while  its  interstices  are  filled  probably  with  half- purulent  discharge  contain- 
ing much  granular  and  oily  debris.  Before  we  were  iK)ssessed  of  a  definite  knowledge 
of  either  the  histological  or  (utrasitical  features  of  tubercle,  Volkmann  (No.  92,  iv. 
1863,  p.  464)  described  it  as  an  ulcerative  destruction  of  bone  tissue  accoiujKinicd  by 
the  dUcharge  <f  aanies  and  pus.  The  red  fungating  softening  which  accom|ianies  such 
a  condition  of  bone  he  regarded  as  something  different  from  the  caries  itself.  It  had, 
according  to  his  notions  at  that  time,  moi-e  the  character  of  an  osteitis. 

Tliese  views,  however,  were  renounced  by  him  at  a  later  jxTiod,  when  he  recognised 
that  caries,  so  called,  and  its  sunx>unding  fungating  granulation  tissue  were  not  in 
themselves  evidence  of  separate  diseases,  but  were  simply  |»art  and  {tarcel  of  one 
disease — and  that  tuberculosis. 

The  tenns  caries^  fungous  joints^  strunioits  affections  of  bone,  white  s^iceltin(j,  and 
80  on,  however  applicable  they  may  have  been  in  the  i>ast,  must  now  be  regarded  as 
remnants  of  an  antiquated  pathological  nomenclature.  The  diseases  to  which  they 
are  applied  are  all  manifestations  of  tuberculosis. 


Morbid  Appeaniuces. 

The  disease  usually  shows  itself  within  short  cancellous  bones 
such  as  those  of  the  wrist,  ankle,  or  vertebral  column.  Their  can- 
cellous interior  seems  to  favour  its  development.  The  ends  of  the 
long^  bones  abutting  uix)n  the  knee,  elbow,  and  hip  joints  are  also 
selected  localities.  The  middle  of  the  shaft  is  seldom  a  primary  seat 
of  tuberculosis.     The  flat  bones  enjoy  a  peculiar  immunity. 

If  the  tubercular  part  of  the  bone  enters  into  the  formation  of  a 
joint,  the  st/navial  membmne,  the  capsuh\  and  it  may  be  the  mrroundiwj 
fibrous  tissues  in  course  of  time  will  V>e  found  to  ]>e  implicated.  Tlie 
synovialis  and  the  joint  capsule  are  usually  profoundly  diseased.     The 
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geladooiit  condition  of  the  filirous  t^xttires  of  the  joint  is  not  mj 
(Bdenui ;  tho  liquid  cimnot  he  Sfjneezetl  out  of  the  infilimUH)  jmi 
It  renemhlcs  more  the  st*it«  of  the  fvulicatiineous  areolar  iissuo 
iDjrxowlrnia.  It  u  l>e«t  «eoii  iti  tubercular  (Hseajs©  of  the  knee,  ellH 
jukI  ankle  jointn. 

When  a  section  of  the  ^^elatinous  membranes  is  mad6|  smaU  g 
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or  sometimes  yellow  jxn'rits  ure  noticed  lyiii*;  in  their  midst.  These 
prove  on  microHcupie  exarniriiition  to  be  tiiliercles. 

The  soft  jmrts  of  the  joint  may  hiiv'e  liecume  extensively  Inbcrciilar 
before  the  eai'tihiges  show  much  alteration.  In  coni-se  of  time,  how- 
ever, as  the  underlying  bone  subst^once  begins  to  fung.ite,  they  ulcemte. 
Sometime^H  they  are  destroyed  very  early  in  the  disease.  Where  the 
synovialis  and  eapsule  of  the  joint  beeome  tubercular  and  infiltrated, 
the  condition  is  known  chnically  as  white  swelling. 

Founding  upon  the  fact  that  the  syiio\ialis  is  so  much  involved, 
it  has  been  supjiosed  that  arthiodial  tuberculosis  usually  commences 
within  it.      From  this  view   Vulkmann   /Xi»,   114,  No.  cbdx.,  Chir, 
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PlO.  Mli—FCXOOUM  LvrLAMHATlOTi  OF  KXEl5-.foiST  WITH  HlGRT-AxaLK  AXCHYUieiS   l»  A 

Yopjio  Uxs,    Old  TuMRcuuiR  Kouuut  w  the  Tibu, 

No.  li,)  early  dissented.  Although  he  docs  not  deny  (p.  1423)  the 
existence  of  a  primary  tiiberciUosis  of  the  synovial  membrane,  ho 
holds  that  its  frequency  has  been  overmted,  and  that  it  occurs  only 
in  adults.^ 

He  states  that  the  primary  tubercular  deposit  is  at  first  located  in 
end    of   the  bone,  and   that   the   disease,    consecjuently,    in    its 

ttDiencement  is  an  mkopaihij^  not  an  adhrupathy.     The  deposit  is 

*  It  sliotUd  be  meutioned,  however,  tliat  revcut  statistics  tend  Ui  raise  tbe 
reUtivt^  frfqueucj  of  the  pritnary  syiiovifil  diaeaae  alcove  what  Yolkmatm  anpposed 
(••ee  Clieyue,  No.  6,  IS&l,  i.  p.  739  ct  aeq,).  All  dej^mls  of  course  upon  the 
ilKiroughnesti  witli  which  tho  pnrts  are  examined,  a  matter  of  no  small  dIIE<?ulty, 
aod  tlic  stage  of  the  disease  in  which  the  examiaatiuu  is  rut&de. 


(Xt*)    fit  A  MA.) 

(«)  Kodothftiiusi  In  ft  ttBt«  of  cnUrrhal  a*«quAni4iton  uti  the  > 
rvBM'lft  with  AumniiMlltig  ■nukU^d*!!  vtlumion;  {<}  «timll  tttWreif  < 
tubfVBk ;  (#,  «>iNBt<irtli  in  Mine  (Ixi|pp\xid,  £atlap  «itd  CImIAikII 


paai  or  WntK  CMrsu/iMt 


><at«.     The   synovial    membrane    nnd    neigh bourin;^  putt  flit 
red  with  tnWrcle«,  as  iifwcaiiHl,  and  ahow  saniotime*  m  pirfeei 

roticular  tubercle  Atnicture.     The  gioiit-celb  arc  untiHtuUly  largo. 

The  fung^ous  granulations  projecting  frfnn  the  synovmlb  are 

well  *ccn  on  phiciiij^  the  j>jirt*  in  water.     They  Uxkn  urigirt  in  thm 
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villi  of  the  synovial  fringes.  They  have  a  red  or  pink  colour  and  are 
peculiarly  soft  and  oedematous.  Each  encloses  a  capillary  loop,  and 
aronnd  this  is  a  quantity  of  granulation  tissue.  Pus  is  discharged 
from  the  vascular  synovial  surface  which  accumulates  in  the  joint.  In 
course  of  time  it  makes  its  waj»  outwards  through  one  or  more 
sinuses,  and  the  sinuses  often  have  several  external  apertures. 
In  the  case  of  the  knee  such  a  sinus  frequently  opens  into  the 
popliteal  space. 

As  a  rule,  the  primary  cheesy  tubercular  deposit  in  the  head  or 
neck  of  the  bone  softens  and  becomes  converted  into  an  abscess-like 
cavity.  The  pus  from  this  makes  its  way  outwards  in  different 
directions,  or  may  burst  into  the  joint. 

In  the  latter  case  the  cartilages  give  way,  and  the  bare  end  of  the 
bone  protrudes  directly  into  the  cavity.  The  tissue  round  about  the 
tubercular  focus  becomes  luxuriantly  vascular  and  is  opened  out, 
probably  on  account  of  the  undue  vascularity,  so  as  to  constitute  a 
perfectly  porous  structure.  In  the  case  of  the  femur  the  head,  and  it 
may  be  the  neck,  of  the  bone  are  soon  destroyed. 

The  other  bones  entering  into  the  formation  of  the  joint  in  course 
of  time  become  infected.  Most  authors  assert  that  in  the  case  of  the 
hip  the  disease  commences  in  the  acetabulum.  Haberern  (quoted  by 
Cheyne,  No.  6,  1891,  i.  p.  739)  found  that  out  of  eighty  cases  where 
the  disease  was  primarily  located  in  the  bone,  in  fifty  it  was  confined 
to  the  acetabulum,  in  twenty-three  to  the  head  of  the  femur,  and  that 
it  was  present  in  both  in  seven.  Cheyne  states,  however,  that  in  his 
own  cases  those  in  which  the  disease  was  primary  in  the  acetabulum 
were  in  a  much  lower  proportion. 

The  line  of  infection  is  probably  through  the  ulcerated  cartilages. 
These  may  be  destroyed  either  by  an  effusion  underneath  them  or  they 
may  die  as  a  result  of  a  primary  pyo-arthros.  Volkmann  supposes 
that  in  the  latter  case  the  tuberculosis  has  nothing  to  do  with  their 
death  and  removal.  A  suppurating  joint  from  a  penetrating  wound, 
he  says,  will  bring  about  a  like  disaster.  They  suffer  absorption  at 
several  points,  so  that  they  come  to  present  a  sieve-like  appearance. 

Within  the  apertures,  and  it  may  be  projecting  from  them,  are 
masses  of  granulations  connected  with  the  underlying  bone.  Ogston 
(No.  5,  X.  1875,  p.  61)  stated  that  the  cartilage  is  actually  converted 
into  the  granulation  tissue  by  a  proliferation  of  its  cells.  Fatty 
degeneration  as  a  cause  of  absorption  of  the  articular  cartilages  is  not 
nearly  so  common  as  is  generally  supposed  (Weichselbaum,  No.  12, 
Ixxv.  Ab.  III.  H.  1-5,  1877,  p.  228). 

Future  Course. — The  destruction  of  the  bone  often  leads  to  a 
true  or  pseudo-dislocation  of  its  head ;  and  the  bone  may  become 
permanently  fixed  in  a  new  position. 

The  disease,  although  tubercular,  often  has  a!i  inclination  to 
subside,  especially  where  the  cheesy  products  have  l)een  discharged 
and  the  loose  dead  bone  removed.     This  favourable  termination  is  to 
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\ye  looktxl  for  more  in  children  than  in  adults.  Fibrous  adbe»iocit* 
form  around  the  ends  and  a  ligamentous  anchylosis  completes  the 
consolidation  of  the  jmrts  inti3  what  may  lie  a  comparatively  acr^ice- 
;*Hle  limb*  The  limb»  however,  having  lost  orje  of  its  epiphysial  con- 
nections, is  nlwEys  stunted,  and  in  the  case  of  the  lower  extremity  oft^:*!! 
liungs  as  a  useless  appendage.  There  is  comparatively  little  fjentlcncy, 
to  uuto-in  feet  ion,  so  that  the  subject  of  the  diseaso  may  gi"OW  up  inl 
adult  life  and  live  out  his  or  her  strumous  tendency. 

Another  re^iult  which  is  loss  satisfactory,  and  which  is  met  ¥rith 
nio**tly  in  the  caMG  of  the  kne«i  and  elliow,  is  whore  the  o|>ened-out  and 
denuflotl  onds  of  thi3  bone  form  an  osseous  anchyhisis  while  the  joint 
still  remains  ttil>erculan 

The  joint  in  such  cases  presents  a  nmnded  glol»ose  as{x^ct.  It  m 
I>ecidi;irly  blanched,  tlie  skin  tense  and  elastic,  and  there  may  bt 
sevenil  similes  upon  the  surface.  Some  of  these  have  prolmhly 
healeil,  the  cicatrix  Iteing  deeply  puckered,  while  others  lie  in  tha 
}\iuUt  of  a  bluish  pellicle  of  attenuatetl  integument  and  are  still  open. 
Ihrii  margin  is  fringed  by  a  ring  of  granulations,  somewhat  prch- 
tulxTantj  and  in  the  centre  is  a  yellow  spot,  from  which  probably  som« 
cunly  pus  is  exuding  or  can  be  pressed  out,  atid  which  corre^jioiids  to 
the  entnmcc  into  the  sinus.  A  prolie  introduced  into  the  sinua 
|H'ol>ably  rutis  tlown  to  a  rough  piece  of  lK)ne. 

In  the  case  where,  for  instance,  the  knee  is  the  head-centre  of  thfl 
tlisc4iHi%  it  may  in?  found  that  there  are  sevend  ad<litional  »inujM»i,  or 
their  cicatrices  on  the  leg  or  in  the  ne»ghli«JUrho«jti  of  the  ankle.  The 
muscles  of  the  limb  ai^  waited,  and  probably  the  ankle-joint  extaoded 
from  contraction  of  tho»e  of  the  calf  of  the  leg.  It  is  almost  hopeles 
to  expect  that  recovery  will  take  place  under  these  circumstances,  and 
the  noonor  the  limb  is  removed  the  Wtter  the  protpocta  of  ultimate 
relief. 

The  Sinuses.  —  Thrse  Inm-ow  deeply  among  the  geUitinoui J 
structures  surnmnding  the  joint  They  are  fringed  throughout  theiri 
ctmrse  l>y  protubenint  granulationH,  among  which  are  numerous] 
micriiwopic  InluTLlf^  ruHbilei*. 

Tubercular    Disease  of  Vertebrae. — In  children,  tnliercnh 
diaeaae  of  l^mc  is  mos^t  liable  to  af!'ect  the  vert»-bn»'  and  the  bonea  of] 
tho  hip,  knee,  ankle,  and  cUmjw  Joints.     The  jihoulder  joint  ia  miira| 
often  affeeti?<l  in  mlults. 

In  the  HLsi^  of  the  vertebra,'  the  disease  is  in  moat  inatancea  locat 
alK)ut  the  mid  dorsal  %ertebrit%  sometimes  iti  those  of  the  Itunliar  an<l| 
lower  cervical  regions,  and  fretptently  in  the  up|)er  cervical. 

The  cheeky  defKMit  takegup  its  titronghold  in  the  liody  of  the  hone, 
and  destroying  its  cancellous  tissue,  tinally  breaks  through  the  otiter  bard 
ahelL  The  softened  cheei^y  material  and  lirokcndown  l>one  suliataiieie 
push  aside  the  ligamentous  tissues  lying  in  front  of  the  spino,  and  thus 
construct  an  almcesi*  sac.  This  may  jKiint  in  variotis  siioationii  *"" 
often,  under  appropriate  treiitnient,  the  contents  dry  and  coti 
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into  an  inert  cheesy  mass  which  is  ultimately  al^sorlied.  The  support 
of  the  vertebral  coliimn  being  thus  remrtved  hy  the  destruction  of  one 
or  more  of  its  segments,  the  vertebra?  alH:»ve  and  below  come  into 
contact.  Ill  order  to  effect  their  junction,  seeing  that  the  portions?  of 
the  vertebra?  behind  are  stilt  uninjured,  the  spino  must  curve  back- 
%viirds  (Pott's  curvature  or  kyi>hosis).  It  eventually  becomegi  fixed  in 
this  position  by  ligamentous  adhesions. 

It  is  one  remarfcible  feature  of  the  tul>er€okr  afTections  of  Imno 
that  they  exhibit  little  tendency  to  bony  repaiation.  The  ]>eriosteum, 
for  instance,  does  not  tend  to  throw  out  osteophytes.  The  bones, 
CM>n8equently,  rlo  not  exhibit  irreguhuities  on  their  surfaces  after 
maceration  fi-om  new  boiie  having  lieen  deposited  upon  theuL  In  fact 
there  is  seldom  any  attempt,  even  after  years,  at  bony  union  between 
the  adjacent  surfaces  of  the  vertebrae.  The  union  in  a  large  pro- 
portion of  cases  remains  ligamentous.  There  is,  indee*!,  no  other 
disease  of  bone  accompanied  with  su  jiro found  a  disturl^ance  of  its 
economy  in  which  there  is  so  little  show  of  reactive  vitality. 

When  such  an  acute  ciu'vature  us  the  alwive  presupposes  takes 
place,  the  spinal  canal  becomes  always  more  or  less  constricted. 
Sometimes  it  is  almost  closed^  a  re:=;ult  of  course  accompanied  by 
diaastrotis  compression  of  the  cortl. 

LiUralurr  on  Ttthtrcfn  ond  Otnts  of  Boar  and  Juiuis,  —  Black:  E<liii,  Meii. 
Journ.,  iv,  1859,  p.  780  d  nrq,  Cheytie :  Brit.  Mim^L  .Umiu.,  ISHl,  i,  ]>.  739  d  Hfq, 
Comil  (TuVanilav) .-  An*h.  d,  pliysiol.  ijwm.  ft  [Mitli.,  iii.  ]S70,  p.  325.  Duret 
(Fibrinous  8yiio\itiii  and  Tiinior  Afl«ns):  BiilL  S<r'.  Aiiftt.  tie  Thf,,  iv,  lS7f*,  p.  208. 
Eve  (LVrii^s):  Trans.  I'atli.  Soc.  IxukI.,  xxxix.  1887-88,  p.  266.  Friedlitndcr : 
VolkniAnii's  SaniniL  klin.  Vortr,  No,  HI.  Hueter  (Tiiborcnlar,  Exp<MinM'nt«i) : 
Zurlir.  r.  Chir.,  xL  1878-70,  p,  '\]7.  KoQig  fMiliary  Nodules  In  FongjUiiig  Juiiit^) ! 
B<'il.  kliu.  \V*H:'hiiMLlir.,  viii,  1871.  p.  TJ*J  :  "l-i",  IHv  Tiilu^ieiikist'  der  Kntxh<?ii  nud 
Gflt'iiko.  1884.  Krause  :  Dio  Tiil>proulorie  dn  Knocljt-n  nndOolouke,  181>L  Laaf  : 
Uc!j.  tl.  fiitzundlifhen  VenindiMiingen  des  Kboi-jk-Ih  b<^i  Arthritli^  fuiigo>«i,  1870. 
Macnamara:  Laiici^t,  i.  1877,  ^i.  5i]l  H  Mq.  Oertd  :  Ikitrag.  zur  Aetiologie  dei 
fiitigost's?  Gt'kTikeiitziindung,  1880.  Og-ston  (Caiiila^is  in) :  Joiini.  Anat.  and 
FliVHiol.,  X.  1875,  p.  4t».  Pawlowsky  i  Kxp^^iinicnUl  PriKJutition  of  Tnbercular 
Joints  I  :  AuTi,  de  1  Jiist.  Pji^Htenr,  vx  181^2,  p.  116.  Phocas:  Tuberrudose^  Iwaliseps 
mukiidw.  1S91.  Ranirier  <Di?itvi.s*?  of  Oirtilji^s) :  Bull,  Bijc,  .mat.  de  Par.,  xl.  1865, 
t».  701.  Redfeni :  On  Anonn.il  Nntdtion  iu  Artienlar  CartiUige?*,  1849.  SchuUer : 
Unti^Tsncduinpen  iili,  die  Eiisitnlmn^'  nnd  Ui'saeben  dor  sfrondo.son  xiud  tidicrenlosvu 
*t(denkl*'ideij,  1880.  Sonnenburg' (Tid>en-ulnr) :  Aieh.  f.  klin.  CUiir,  xxvi.  1881,  p. 
78».  Vincent:  Internal  Entyrl.  of  Surg,  (iUihiirst  ;i.  vi.  1886,  p,  9Q1.  Volkmanu 
(Cjitnrrlinl  Inflanninition) ;  Anii.  f.  klin.  Chir.,  i.  1861,  p.  408;  (Caries)  IhUK.  iv. 
1803.  i>.  437.  iFunK^^it-s  niHinH..).  SAnnnl  klin.  Vortnig^,  1879,  No.  168-169  (Chir. 
No.  r.l),  Walzbergr  and  Riedel  (Ty*»oivular) :  Dent.  Ztsehr.  f.  Chir.,  xv.  1881,  p. 
407.  Weber  (Disi-a:§t*  ot  Cartilages) :  Areh.  f.  ]»ath.  Anat.,  xiii.  1868,  p.  T4» 
Wdchselbaum  (Disc^ase  of  Cartilages) :  Arcli,  f.  {with.  Anat.,  Ixxiii,  1878,  p.  461. 


AuTHiUfls. 

1047,  The  recogiiitioa  of  tlu?  tiiliercular  nuttire  of  stmmous  joint 
affections  disposes  of  nuiii}^  varieties  of  arthritis  which  fomierly  Bwellfd 
the  nomenclature  of  joint  pathology.  The  most  of  the  non-tuhercuiar 
varieties  of  arthiitis  are  caused  1>y  septic  disease,  acute  rheumatism. 
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gout,  gonorrhLiu,  or  j^yphilis.  They  may  also  result  from  injui 
1  Inflaninmtioti  of  the  joint*  is  likewise  seen  cpceasionally  in  connoctioii^ 
with  erysiiix^las,  ihiphtheria,  scarlet  fever,  ^iysentcry,  etc.  There  it 
one  variety  which  is  known  as  arthritis  defcirmans  i>r  chrunic  rheu- 
matic arthritis,  and  which  recjuires  s^pecial  clescriiition.  Thosn^  r<*nuh- 
ing  fi*om  acute  rheumatism,  guut,  unci  syphilis  have  already-  been 
referred  to  (see  respeetive  8uiijeet*»)- 

Artbritis,  from  whatever  caui^e,  may  assume  two  forms,  natndy 
(1)  where  the  nyuonal  mcmhrane  is  the  cxchiftive  seat  of  it^  and  (2 
where  the  inffammation  implicates  the  snrr*>tuidmg  parts. 

The  first  nf  thrse  wa?.  liketiLnl  l>y  Volkmatui  (No,  92»  L  1861|i 
p.  40^*)  to  a  catarrh  of  a  mucous  membrane,  and  lie  gjive  iiacconlittgl/ 
the  tlesignution  of  **Catfirrhal  Arthritis,*' or  *' Arthro-meningitia"  II 
cKCurs  in  pviHinic  and  septicjemic  eonditiouH  of  body,  in  the  so-tutmedll 
**  cold  ahtfCL»»t* "  of  jointH,  in  acute  rheumatism,  and  in  what  is  km>wii 
aft  gonorrhii'al  rht^umatisuL 

Fluid  i§  ert'used  froni  the  inflamed  memV»ranc  which  at  first  may 
coagulate.  It  i»p|>ear?*  to  lie  eompc^^cfl  in  gre^it  jmrt  of  synovhi.  In 
other  cjuics  it  h  purulent,  and  Vnlkmann  traces  the  pui^  in  i»uch  rmncM 
mostly  U>  a  proliferation  uf  the  endotljeliiim  enveloping  the  mem 
The  pus  may  l>e  removed  by  abs»iri»tion  ami  the  joint  eompi 
recover. 

In  the  second  or  deep  variety,  in  addition  to  the  above  morlifi* 
cations  of  the  synovial  membntne,  aliscrsses  develop  in  the  capside  n| 
the  joint  and  its  nei«;hbi»urho<ML     Th«n'  are  almost  always  of  septi 
(pyaemic)   origim     The    airdlagc's   may    j^erish    as  an    efltect   of   ih& 
presence  of  the  pus  in  the  joinL     The  pus  may  discharge  itaelf 
the  joint  into  the  Mirroiiuding  soft  \\iUiB.     The  Viiscular  fringes 
rhi'    ?iyno\ial    mrmlmine,    as     in    other     forms    of   arthritis^    become 
I'xubenint,   and    rio  doubt   discharge  inflammatory   priMlucts  into  thttj 
joint. 

The  organisms  of  j»y«>arthros  seem  to  lie  identical  with  tbci^o 
of  ilippuration  elscwlnrf.  Krause  (Xo.  43,  xxi.  1843.  p.  081)  found 
a  sir  in  acute  catarrhal  synovitis  identical  with  that 

ofR. 

Schuiler  iNo.  y:l,  xxxi  lHSr>,  p.  275)  alleges  that  where  an 
arthritis  follows  a  s])ecitic  diseJise  cjiused  by  a  characteristie 
micTCfphyte,  such  aa  pneumonifi,  ervsi))«las,  or  gkndert,  the  spedtiG 
organisms  are  present  in  the  joint   etfusion  only  in  ttnmll  numben^ 


and  are  lu^ually  mixed  with  other  organisms. 
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LU^miun  tm  AmU  Arihritii. — Atkui  f  Anit«  ArthritU  in  ttif«jita) 
IUiftr,»  ixxix.  1885.  \k  554.     Fiihrer    T    *  r   ^      - 

At,  r.  1852.  p.  121*.      Huber  (Mnltv, 

rrT^ii.ir.,n  I      >i.i,   r  TMith.  Aimt,.  Ixxxviii,  i    -^.  ,.  .      r*.^^^*. 

II.  Wc»cbQ»elm,  xxL  18mi,  p.  nni.     Martin:   ' 
1  Hci>ti*pic»,    l!i85.       SchtUler    (lWT*ria    in    M.  Ji 

AlWtiti**!.) :    Aitli.  i\  kiln.  Cliir..  x%%\,  1884.  |>.  276,      Tmiibe  {AtUmUm^i 
Bdlr.  t.  Filth,  u.  PhvUuU,  U,  l*in,  pt,  ii.  p.  750. 
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gocA  an  ivory  or  [wncelaiiT-liko  hanlening — nu  eburtiation,  tLs  ..  . 
f^led.  After  the  caiiibige  huR  vrinishetl  the  iKnie  snrfmift  nmy  «piiii 
become  invested  with  ji  protective  c^iviiring  through  a  filno-cartihi^intiiM 
membrane  gpreAtiing  over  it  fruni  thi*  atljact'iit  iMjrcier  of  the  tivutv 
vialis  or  from  the  eontieitive  tissue  in  the  uiulerlyin;^  HaveniAa 
cwuils.  HlrMxi-ve.ssols  find  their  way  on  to  the  surface  from  the  flu&t 
sources. 

The  9yno\ial  nienil>rane,  however,  also  siif^i^rs  a<n'erely.  TH<* 
vaacular  investment  which  rephices  or  Ciivera  in  thi?  defecUi  in  tiio 
cartihigo  may  spread  over  the  synovial  memlii-anc  as  well,  in  which 
case  the  villi  prt>jecting  from  it«  interim'  are  increased  in  numlier. 
They  assume  the  appearance  of  a  deeply -in  jeeted  corona  around  the 
articular  surface. 

A  retrogressive  process  is  often  set  up  in  the  synovialis,  mkI  it 
loay  ho  in  the  new  membrane  covering  the  end  <»f  the  htme*  It 
^idnsiHts  in  an  iipening  out  of  the  fibres  of  thesse  jwirts,  s«  that  Ui<*y 
Iweome  soft  and  gelatinous.  If  the  synovial  membmne  is  so  altenuaU9«l 
that  the  underlying  i-apsule  cjf  the  joint  is  expof^tnl,  the  cajMale  tuay 
assume  the  same  apfX'araneeH  a*  the  **ynovialif*  it^f»elf.  Other  fibnnL* 
or  fibro^eartilaginous  ^tnieturcjB  »uch  as  the  tere^i  ligament  and  taodou 
of  the  btcc()«  may  suffer  in  the  same  way  as  the  artietdar  cutilfl|^ 
and  may  thus  be  entirely  ilcatroytHb 

These  changes  in  the  airtilages  and  soft  parts  of  the  joint  ara  of 
primary  injjwirfanre  as  be^u-ing  ujHni  what  is  known  a**  chfOntC 
rheumatic  arthritis  (arlhnti»  deformans),  as  well  as  in  relatitvn  tii 
uloeratitm  of  cartilages  generally.  Indee<i,  what  is  termetl  ''artliritis 
defomuuis  "  e^enis  to  l)e  merely  an  extension  of  them. 

Examined  mierosco|iically,  the  cleft»  in  the  cartilage  above  referred 
to  bdcome  more  ap|iarent.  They  are  reprowonted  by  wa^-y  linea 
moatly  radiating  from  the  eajisidcs  of  the  cartilage  cells.  I*he0e 
lines  corrc«p<>nfl  to  clefts  ui  the  cement  substance  binding  together 
the  fibroiis  bundles  entering  into  the  com|K)Aition  <»f  the  eartilAge 
matrix.  lifttrr  on,  the  matrix  assumes  a  fibrotis  apjiearance  fn>m  an 
extension  of  the  same  degeneration,  and  a  viscid  \UM  penneate*  the 
inters|mces.  Coexistent  with  ihif^  the  cartilage  ccll^  nndi-rgo  pru- 
liferution,  and  the  spaces  within  which  they  are  contained  erdarge. 
These  two  circumstJinces,  the  alteratiorn  in  the  matrix  and  the 
proliferation  of  the  cell  a,  taken  together,  caU8Q  the  cartilage  to  bcooDie 
thickened — a  condition  somotimcH  known  as  hyi>crtropby. 

The  newformed  cells,  however,  ac^cording  to  Weichsrlliaum  0«L 
Hi,  p.  21**^),  have  little  vitality  and  nipidly  succumb 'bx  '"  'ig 
liquefaction.     They  do  not  l*econie  fatty.     The  remaining  ^|  <ti 

etdbpee- 

The  cartikge,  having  l»ecome  ^brous,  is  easily  worn  away  aad 
aheorhed.  Thei^e  is  another  mean>s  however,  by  which  this  absorptton 
nay  be  effected  ;  it  takes  place  from  the  periphery  inwards  and 
appears  to  lie  something  akin  to  the  ali«orption  of  bone^     The  cartilage 
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capsules  enlarge,  and  several  of  them  fuse  together  so  as  to  form  a 
space.  This  space  becomes  occupied  by  branched  cells  derived  from 
the  neighbouring  synovialis.  Later  on,  the  branches  disappear  and 
the  cells  come  to  resemble  ordinary  cartilage  cells.  They  lie  in  a 
fibrous  basis,  so  that  the  texture  filling  the  space  has  the  appearance 
of  fibro-cartilage.  The  defects  in  the  cartilage  are  most  evident  at 
its  margin.  They  have  a  close  resemblance  to  the  Howship's  lacume 
seen  in  absorbing  bone.  The  cells  which  penetrate  into  them  act  as 
chondroclasts.  In  what  way  they  effect  the  absorption  of  the  cartilage 
is  not  certain.  Weichselbaum  thinks  it  most  likely  that  they  disturb 
the  cartilage  matrix  mechanically  by  pressure. 


Arthritis  Deformans. 

1049.  Si/n. — Chronic  Kheumatic  Arthritis,  Arthritis  nodosa,  sicca, 
spuria,  or  rheumatica,  Arthroxerosis,  Arthrite  s^che,  Polyarticulare 
Arthritis,  Rheumatic  Gout.  In  the  hip  it  is  known  as  Malum  Coxae 
Senile. 

From  the  perusal  of  the  preceding  section  it  will  be  gathered  that 
in  old  people  the  joints  are  frequently  diseased,  and  that  the  defect 
consists  in  an  absorption  of  the  cartilages  and  a  condensation  of  the 
exposed  bone. 

Weichselbaum  (No.  12,  Ixxv.  Ab.  III.  H.  1-5,  1877,  p.  240)  regards 
the  disease  we  are  now  considering  simply  as  a  higher  grade  of  these 
senile  degenerations.  This  view,  however,  it  is  only  right  to  mention, 
has  been  opposed  by  Yolkttiann  and  other  authorities. 

It  has  often  been  supposed  to  be  associated  vriih  rheumatism. 
There  is  doubt,  however,  as  Wilks  (No.  192,  iv.  1858,  p.  61)  long  ago 
remarked,  whether  it  has  anything  to  do  with  this  disease,  at  least 
with  what  is  usually  designated  acute  rheumatism  or  rheumatic  fever. 

It  has  also  been  asserted  to  be  of  gouty  origin,  but,  as  already 
shown  in  describing  the  subject  of  gout,  there  is  little  cause  for  con- 
cluding that  there  is  any  such  connection. 

The  disease  seems  to  possess  many  of  the  characters  of  a  chronic 
arthritis,  but  what  the  exciting  and  maintaining  causes  of  this  chronic 
inflammation  arc  has  not  been  satisfactorily  explained.  A  disease,  in 
most  of  its  features,  identical  with  that  in  Man,  is  found  in  the  lower 
animals,  such  as  the  hoi^se,  subjected  to  heavy  work.  In  Man  it  is 
more  prevalent,  from  all  accounts,  in  those  who  have  laboured  heavily 
than  in  others  whose  occupation  has  been  of  a  less  arduous  character. 

There  appear  to  be  two  varieties.  In  one  of  these  (polyarticular) 
many  joints  are  afflicted  from  the  first ;  in  the  other  (monoarticular) 
the  disease  commences  in  one  joint  and  may  afterwards  spread  to 
others.  The  polyarticular  begins  in  the  small  joints  of  the  fingers 
and  toes  and  spreads  centrally ;  the  monoarticular  starts  from  a  large 
joint,  such  as  the  hip,  and  spreads  peripherally  (Senator). 
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The  large  joints  most  often  the  seat  of  it  are  the  hip,  shoulder, 
anil  ell>ow  ;  and  another  very  commo!i  site  is  the  vertebral  column. 


(%niffes  ill  the  Joints, 

Polyarticular  Variety. — The  cartilages  become  eroded,  while 
the  synovml  membrane  is  thickened  and  otherwise  altered  by  pro- 
liferation of  its  cells.  The  two  exposeil  surfaces  of  the  bone  come  in 
contact  and  unite  by  a  fibrous  anchylosis.  The  hand  and  fingem 
assume  a  |)eculiar  |K)8ition,  which,  for  the  most  |)art,  is  characteriseil  by 
a  predominance  of  flexion  over  extension.  The  phalanx  of  the  fingers 
is  extended  and  the  last  phalangeal  joint  is  flexed  so  as  to  cause  a 
claw-like  appearance  of  the  meml)er  ;  the  wrist  is  usually  flexetl.  The 
aff*ectcd  joint  feels  sometimes  like  a  "  bag  of  Iwnes,"  from  there  being 
small  pieces  of  detached  newly-formed  lK>ne  within  and  around  it 

Monoarticular  Variety. — One  of  the  wirliest  alterations  noticed 
in  the  joint  (r.ff.  hij))  is  an  erosion  of  the  cartilages.  They  vanish 
aj)j>arently  by  becoming  resolved  into  fibrous  tissue  and  by  becoming 
absorlwd  by  chondroclasts.  The  coiuiective  tissue  of  the  synovialis 
and  ca])8ule  of  the  joint  proliferates,  and  a  low  tyj>e  of  cartilage  is 
here  and  there  deiH>site<l  in  the  substance  of  these  membranes. 
Ossification  next  commences  within  the  thickened  soft  tissues  of  the 
joint,  the  result  l)eing  that  much  new  l>o!ie  is  thrown  out,  sometimes 
as  a  large  mushroom-like  mass,  at  other  times  in  small  semi-detached 
islands.  The  ligamentum  teres  or  tendon  of  the  biceps,  .is  the  case 
may  be,  sufl'ers  absorptioti  like  the  cartilages. 

Liter  on,  the  cup  of  the  joint  assumes  a  flattened-out  apjwarance, 
so  that  it  becomes  nuich  shallower  than  in  health,  while  round  al)out 
it  are  the  irregularly-shaiR'd  !iew  growths  of  l»one.  The  joint  looks 
(Wilks,  No.  11>2,  iv.  lsr)8,  p.  02)  as  if  some  soft  plastic  sulwtance  had 
l>een  placetl  between  the  ends  of  the  bones  and  s<|ueezed  out,  and 
had  undergone  subset |ue!it  solidification.  The  head,  and  it  may  Ik; 
the  iieek,  <)f  a  long  l>one  may  liecome  in  great  jKirt  absorlwd,  so  that 
in  the  case  of  a  bone  like  the  femur  the  end  of  the  shaft  with  the 
excrescences  around  it  lies  almost  s(»ssile  uim>ii  the  shallow  acetabulum. 
The  acetabulum  and  remains  of  the  head  of  the  lK>ne  may  in  course 
<»f  time  become  united  by  a  soft  vascular  new  tissue,  or  an  o.sseou8 
synostosis  may  take  place.  If  !iot  actually  united,  the  surfaces  of  the 
bones  sufl'er  eburiiati<»!i. 

In  the  ease  of  the  spine  new  bone  is  thrown  out  ujxm  the  Viodies 
of  the  vertebra*  in  the  form  of  very  irregularly-contoured  osteophytes. 
These  may  Ih'  so  extensive  that  they  unite  the  one  vertebni  inseparably 
to  the  other  (sjKMidylitis  deformans  ;  crTr/nrtiAov,  a  vertebra).  Occasion- 
ally the  ]H'lvic  joints  are  similarly  implicated. 

Tin-  minutrr  cliftii;;!  s  in  tin*  iMUjr.  as  (]f<icril»e.l  Ity  Zi»'gler  ,No.  l-'J,  Ixx.  1887,"  p. 
,'»0j  .  i\o  not   in  all  ri'si»ectH  hear  out  tlie  tit]«*  of  tlie  dij^ease  to  l»e  ranktMl  aA  an 
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inflaitimatioiK  The  most  strikiujj^  feature,  hu  renifirks,  and  more  esiK'cially  is  thin 
»o  wli*m  Xlw  hone  in  in  piogrt^ss  of  absorption,  h  the  preiseiieo  within  it  of  cyat4ikp 
cavities.  These  lie  aonietimts  in  the  neighbourhood  of  the  cartihiges,  nt  other  times 
at  «ome  distance  from  thticti.  lu  many  instances  they  Appear  to  be  surrounded  by  a 
ntembmuo.  He  accounts  for  thetu  by  the  Ijone  &(  the  part  losing  its  characters  and 
reverting  to  cartilage.  Islands  of  cartilage  are  foiuid  scattered  through  the  bone 
tiasne,  and  banng  no  tounection  with  the  surface  ^f  the  joint  These  (Cartilage 
islands  in  cour^  of  time  softeu  and  give  rise  to  thf^  above  cyst-like  foruiationa. 
This  reversion  of  bone  to  cartilage  seems  to  be  a  peculiar  feature  of  tln^  difjcase, 

'4^  --^^-sCr^. 


(Hartn,,  Obj.  8,  Oc  2). 

(«i)  c^MiipleTily  ilf^fiioratcNj  carttlAKv  cell ;  (^)  e«rttUige  cell  coiauipiichtg  to  i|i»j$i*n(<nit(* ;  0) 
Atiiylolil  c«*ll  (Mi{«uten  mil  togotlipr  hIiiIi?  th**  ct-U  «nl>*txiticc  lu.i  itl-tfipitefti^l ;  (rf)  friKmrtit  nf  « 
*lt*>;i''npiiit«>i1  caiw>«il^'.  <>)  r.nTniJi'tMlv  <1i>L^i'Hr'nitisl  coll  in  wliicli  thf!  aiuyluM  him  n^sittuiHii  tt'eruttulAr 
iippoinnce. 


Literature  on  ArthritU  iMjormann. — Arthritis  Deformans,  etc  :  Sauinib  kbn. 
Vortr-,  1884,  No.  233  (Chir.  No.  75),  p.  L'tMl.  Catitou  i*  Im.nie  Khemuniu: 
j^rtliritis) :  TraiiM.  Path.  S<h  .  bMid.,  iii.  188082,  p*  ir*3  ;  IhtfL,  \\l  IStlO-tU,  j*.  1&2  ; 
Jbi^Lj  %m.  1801-6!^^  p.  270.  Garrod :  A  TreutUe  on  Gout  iiufl  Kljcuiiirttic  fJiuit, 
IsTiJ.  Hitzi^  (Arlbritis  Dtfonnuris)  :  Bi-rl.  klin.  \ViK."hn.Hehr,,  i\.  1.S72,  n,  6.H8. 
Krebs  iRheuniatie  Irithuninntitoi  iii  Oxen) :  Anh.  f*  wij«s«»iif*fli.  u,  pnikt.  Thierlieilk., 
XL  1885,  p.  71.  Little  frhntnic  Itheiimiitie  Arthritis):  Trann.  Wtlh  Soc.  Lomb, 
%\,  1859,  p.  28ri»  Vifchow  llistuiy  Arthritis  iKfonuans) :  Arch.  f.  path.  Anat., 
xlvit*  1869,  p.  2^8.     Weichselbauni  (Arthriti?*  Defoi-manK) :   Arch.  f.  jiAth,  Anat.. 
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Iv,  1872.  p.  217  ,   *i/*>.  SitjmngulK  ♦!.  k.  Akail.  il.  Wkat-nsch,,  Wiou,  btxv.  18#7,  iw  I 
K*3,      Wilka  (CJirotiit    Khrnmatic  Arthritia) :   Ouy'*  Htwp.   Rcj».,  iv.  185S,  iiw  «l, 
Ziegler  (SubcHrtilH^iinnuH  rii.ui^rn  m  Artliritis  Deformmis) ;   Arvh,  f.  n»lli»  AhaL,  I 
Ixjt.  1^77,  |i.  602. 

Wax-likk  Disease  of  Joints, 

lO'iO.  A  very  common  leainn  found  in  the  partilngos  nnd  1 

membranes  i»f  old  jxKjple  i;*  tlie  alwive.     The  amyloid  is  il  i 

muinly  in  the  wall  of  the  i'up.sidc  cnelosirjj*  the  eitrtilage  cell  ;  accoid* 
rng  lo  Weichselbiium  (No.  1 :.',  Ixxv.  Ah.  IIL  H.  1-5,  liSST,  p.  22U),  tho  I 
ceil  itealf  h  the  primary  seat  of  it.     The  defHj^ilion  hy  preference 
iiffeeta    thoie    ciirtikgea,    or    i^rt^    uf    them,    which    .nre     suffering 
absorption. 

CALCinCATIOK   OF  THE  AkTICULAK   CARTILAGES. 

1051.  This  is  another  common  senile  condition.  It  may  be 
raieroscopic  in  its  extent,  in  which  case  the  cartilage  capsuU^s  are  thu 
«ole  recipient*  of  the  lime  salt^ ;  or  it  may  extend  more  widely 
through  the  matrix*  It  might  be  mistaken  readily  for  a  gouty  depoett 
of  unite  of  §oiia* 

LuosK  Caktil-ujes  in  Joints, 

1052.  These  are  cumimratively  common  in  the  kne©  and  wmt 
jointK  They  are  sometimes  single,  more  freijuently  multiple^  At 
many  a*  Hfty  have  been  removed  from  a  knee  joint  (sec  case  by  Berry» 
No.  *5»  1§9U,  ii.  p.  958),  and  even  a  larger  numl>er  arc  frecjucntly  found 
in  the  ^rrist.  They  vary  in  size  and  shape,  sometimes  button-like,  al 
other  times  resembling  melon  seeds  or  boiled  rice. 

They  usuiilly  jKJii8ess  a  flbi*ous  capsule,  are  in  great  extent  com* 
|x>imh)  i»f  carttlagef  and  have  often  a  nniall  nucleus  of  cancellutis  Ijone 
at  mme  part 

Their  origfin  is  as  follows : — The  synovial  membrane  and  iu 
fringes,  it  will  Im?  remembered,  contain  cartilage  cells.  The  nlli  upon 
the  inner  surface  of  the  membnine  oft<«n  1)ecomc  enlarged  oa  a  re0iilt;.j 
of  an  arthritis^  Their  naturally  dendritic  arrangement  becomes  «c* 
aggeratcil,  and  their  elul>ltke  extremitii's  lianl,  from  a  new  fomuitton 
of  ciirtilage  within  them.  The  attui'hmentH  of  these  trrmiiuil  buds 
b<*rt»mt'  nuire  and  more  atteiuiated  until  a  ?<ej^wiratioii  is  eflrect4HL  The 
dctacheti  mass  does  not  peri.'*h,  but  is  nouHi^hod  by  the  flttid  of  the 
joint  It  liecomes  mouldccl  *5ubse<piently  by  friction  into  the  particular 
sha{>e  it  fis8umcjj.  They  must  not  be  mistaken  ff»r  ihn  loose  fragments 
of  Ume  around  the  joint  so  nften  found  in  chronic  rheumatic  arthritiA. 

As  bearing  u\Hm  their  vasculai-  origin  it  should  Iw  nientioniHi  tliat 
the  fluid  expressed  from  the  joint,  if  withdrawn  early,  may  be  found 
to  be  much  bhKHJ-^itained  (see  case  by  Beatson^  Na  5,  xiiL  18711,  p, 
449),  while  the  bodies  in  cpiestion  are  abeent  Later  on^  the  tuiit 
becomes^  clear,  and  a  large  number  of  loo«e  cartilagci  may  be  eTECtUited* 


I 
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TUMOrns  OF  IJuXE 
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Poulet  and  VailUnl  (No.  4,  v.  1885,  p.  298)  st-ite  that  mrely  tho&t^ 
it's  take  their  origin  from  pieces  of   detached  iirtifiikr  cartilage, 
eveti  fruni  the  tuticular  hi*iu\  being  aecidentHlly  loosened. 


LttrnitH$r  UK  Lff/Ji<  CKih/tiyts  itt  .htints,  — Befry  (Fifty  Louse  CnrtiLig*?**) :  Brit, 
Mt'tL  Joiini.,  18i*0,  ii.  n.  058.  Filter:  Vvh.  s^jlitart-  LiiVmie  <kji  Ktiiygelenkea  i>- 
ibre  Ursarhf,  1890,  iuetll  (Loose  Cjiitilagi*sJ  :  An-h.  f.  piilh.  AuwL,  xxix,  1864,  p. 
11*0.  Pa8:«t  {LfK»s4?  rairtlit;^'i\s) :  8t.  Barth,  Hosp.  Rpp.,  vi  I^jTO,  |k  L  Patteson 
(Joint  Boait^s) :  Joniii,  Aiuit.  and  Phyw.,  xxiw  188i>-90,  }».  ;i»iO.  Pichoa :  Lk'scoriis 
angt*rs  in tni  art i*nilfiirc?»,  18 IM).     Pi ii!et  and  Vaii lard  (Loose  Cartilttg*?s) :   ArcL 

jihysiologio  m*T\u.  tt  |Mith,»  v.  issr^,  |..  2»j<j. 

Lipoma  of  Synovial  M L:\iiir: a nks. 

053.  The  same  vaseidar  friu;^cs,  which  arc  pn>dnctive  of  so  much 
mischief  ill  the  joint,  when  they  enhirge^  instciul  <>f  be*'*miiiig  cartilagin- 
ous, occasionally  assume  the  characters  nf  li|ii>mata,  The  fat  cells 
which  they  naturally  contain,  proliferate?.  An  exuberant  villous  mass 
of  fatty  tumours  from  this  cause  comes  to  ])rotrude  into  the  joint. 
\\hen  single,  these  tumours  may  become  dt^tachod  and  constitute  a 
movable  foreign  bcHly  in  the  joint. 


k 


TUMOITRS    OF    BONF. 


k 


10o4.  These  are  chiefly  s|>indle  and  giiint'cctl  sarcomata,  hyalimi 
chondromala,  osteomata,  secondary  carcinomata,  fibroniat^^i,  etc. 
Klbro-chondromata  ;^tow  from  the  cai>side8  of  joints^  while  hyaline 
chondroniata  ^^enendly  grow  from  bone»  not  fiom  C4irtilage.  The 
hyaline  variety  has  a  great  tendency  to  ossify  ;  the  osteoma  h  usually 
a  chondroma  to  Wgin  with. 

These  tumours  have  ali  l>cen  described  formerly  (vol.  i.^  Tnmoun), 


Bursal  ArcuMULATioxs— Hy«;ro-Ma  axd  Ganglion. 


1055.   By  a  hyg^Oina  {ryp<k,  moi.'^t)  is  understood  an  accumida- 

tioii  of  clear  anil,  it  may  1«e^  serous  Huid  in  one  or  more  of  the  bursm 

ucossp.      When   the  liipiid  is  gelatinous  and,  possibly,  blood-stained, 

he  term  ganglion  is  apjdied  to  the  swelling.     The  di  lie  re  nee  in  the 

character  of  the  lifjnid  has  more  pathogenetic  significance  than  might 

at  first  be  supposed. 

These  tnie  ganglia  are  found  on  the  foot,  elbow,  and  neighbour- 
htMitl  ijtf  the  knee.  They  always  have  gelatinous,  not  serous  contents. 
The  liipiid  of  a  hygroma  is  a  mere  ilropsical  ett'usion  ;  the  lir|uid  of 
ue  ganglia  is  a  secretion  from  the  wall  of  the  sac. 
The  ganglia  have  been  supjiosed  to  be  distended  sheaths  of  tendons 
or  diverticula  from  synovial  membranes,  and  the  Huid  has  been  held  to 
he  synovia.  Virchow  named  the  condition  **  hygroma  gangiioides"  or 
**  turuor  «ynovialis  '  on  this  account. 


^^^^      864                       iJhSEASEH  uF  BONE  AND  JOiytS                 taWT  iff          , 

^^^^^H             They  an*  Sf*l*lom  ^*'v\\  fn   old   ]K'upli\      In    tlu*   case  of  tlio  wrut,    ^U 
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^■^      in  which  Kxrality  they  are  perhaps  commonost,  tht;y  tie  on  the  Imck   ^M 
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of  the  hand  or  close  by  the  radial  artery.  In  the  latter  situation  the 
sac  protrudes  between  the  supinator  longus  and  the  flexcr  carpi  radialis. 
The  artery  runs  over  or  near  the  tumour.  That  on  the  dorsum  manus 
shows  itself  in  the  space  between  the  extensor  indicis  proprius  and  the 
extensor  carpi  radialis  brevis.  In  rare  cases  it  lies  between  the  extensor 
carpi  radialis  hrevis  and  the  extensor  pollicis  longus  (Falkson). 

According  to  Falkson  (No.  92,  xxxii.  1885,  p.  58),  the  wall  of  the 
sac  is  usually  bound  to  the  sheaths  of  several  tendons.  In  eleven  out 
of  thirteen  cases  examined  by  him  it  was  ascertained  that  there  was 
an  absence  of  any  communication  with  the  wrist  joint;  in  the 
remaining  two  the  relationship  could  not  be  determined.  A  free 
communication  with  the  joint,  he  says,  may  in  all  cases  be  put  out  of 
the  reckoning,  and  if  fluctuation  of  the  joint  is  felt,  it  must  be  due  to 
the  pressure  of  the  sac  upon  the  joint  capsule.  The  sac  can  always  be 
traced  up  to  the  capsule,  but  within  his  experience  does  not  communi- 
cate with  it 

He  asserts  that  they  are  neither  prolongations  of  synovial  mem- 
branes nor  bursse  of  tendons ;  he  thinks  that  they  are  the  result  of  a 
degeneration  of  the  synovial  follicles  described  by  Volkmann,  or  of  the 
so-called  sub-synovial  bodies  described  by  Henle  and  others. 

As  alleged  by  Hoeftmann,  they  are  probably  to  be  regarded  as 
synovial  dermoid  cysts.  Hence  their  intimate  connection  >vith  the 
capsule  of  the  joint. 


Parasitical  Diseases  of  Bone. 

1066.  The  chief  of  these  are  Hydatids  and  Actinomycosis.  They 
are  described  under  Animal  and  Vegetable  Parasitical  Diseases  re- 
spectively. 


Club-Foot  (see  Malformations), 


Curvature  of  the  Spine. 

1057.  Nomenclature. — The  posterior  curvature  (Pott's),  techni- 
caUy  known  as  Cjrphosis  (kv</>(oo-i9,  a  hump-backed  person)  or  cyrtosis 
(icv/mSs,  curved),  arising  in  connection  with  tubercular  absorption  of  the 
bodies  of  the  vertebrae,  has  already  been  described  (p.  854). 

Lordosis  (Xo/>6oa),  I  bend)  is  the  term  applied  to  an  anterior 
curvature.  It  is  generally  due  to  rickets,  especially  when  in  the 
lumbar  region.  Scoliosis  (o-KoXtoa>,  I  twist)  and  hybosis  or  hy- 
boma  (^)8os,  the  hump  of  a  camel)  are  terms  which  were  formerly 
and  stiU  are  in  use  to  indicate  a  lateral  curvature. 

A  common  cause  of  lateral  curvatures  is  undue  muscular  develop- 
ment on  one  side  of  the  body,  as  in  persons  habitually  using  the  right 
arm.      Lateral  curvatures   are   also   met  with  in  persons  of   weak 
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rouscular  development  The  chief  deforming  element  in  them  is  thtj 
weight  of  the  head.  This  presses  directly  upon  the  ill^upiK>rt4?d| 
spinal  column  and  throws  it  into  a  latend  curve. 


Spondyl-Olisthesis, 

1058.  By  thi«  is  meant  a  condition  in  which  there  is  a  solution  uf " 
continuity,  either  congenital  or  acquired,  of  the  neural  arch  of  the  fifth 
lumliar  vertebra,  allo^nng  of  a  prolapse  of  the  portion  of  the  spine 
above  this  forwards  and  downwards  into  the  i>elvis.     The  condition  is 
often  the  result  of  fracture.     Some  cases  have  been  held  to  be  due  to 
canes  of  the  l>one,  but  these  seem  to  lie  rarer  than  is  supposed.     The 
hip  bones  l^eoome  luiUHUally  prondoent,  and  a  charact-eristic  deformity 
results.     The  sjiinal  laual  need  not  necessarily  Iks  oliliteratcd.     Th«  | 
disease  was  tii^st  dosiriVuHl  by  Kilian  in  the  year  18**^8,  and  some  of] 
the  most  noted  cases  are  reported  by  NeugeWuer  in  his  monograph  on  \ 
the  subject  (No.  582,  1888). 


QsKKKAt.   LlTEttATlTRB  OH   PATHOLOOY  OF  THE   BoXFJ*  AJTD  JoiKTlL 

Aduni:  Brit  Med.  Joum,.  18e9«  I  p.  tOetMeq.  Brodie:  Psth.  aad  Surg. 
Observations  on  DiieiMtt  of  the  Joirtt«.  1818;  Bryant:  Ou  the  Dtmaiwi  maa 
IiyurirA  of  tho  JninU,  1050  ;  alfi}^  Med.  Times  ami  iuu,,  18f)9,  i.  ]i.  022.  Cooptr: 
A  TiiatUt*  oil  Dbraws  of  tlie  Jomt«,  1807,  Coote  :  On  Joint  DU<«««i»  1S47. 
Hoimet:  Syat.  Surgvr)%  iii.  Jones:  A  Trmtiw  on  Hon<«  Di.4caACd,  1887. 
Trann.  Path*  Soe.  Lond.,  xxxv,  1*33-84,  ^i.  299.  Olher :  luternat,  EiicwL  of 
(A«hunt),  vi,  1880,  p.  S48.     Schreiber  :  Atlas  der  Gdenkkmiikheitifn/lSSS. 


DlS£AS£S   OF   TUK   ThKTH. 

Denial  thrits, 

1060.  Of  aU  the  diMAMi  of  the  teeth*  so-oalled  caries  is  that  which  is  lif  fur  tlw 
widest  iprsad  smoiig  different  mccA,  and  i«  the  mmt  fre^juent  ostus  oif  Ibcir  d«rtfiie- 
tlom.  Th«  inhAbiunti  of  all  countries  leem  to  mffer  from  it,  *omo  |)«rhAp»  more 
than  othern.  Arab  racett^  the  £«<^uiiuAiiic,  North  American  Indiana,  African  imv^gm, 
and,  generally  Nposking*  uncivilised  race§  as  a  whole,  howfVHr.  nufftt  com|mrm1irdj 
iitigbtly  ttom  tho  diicMe.  It  i*  one  which  appears  to  incrcaao  in  frtM^ucijiy  tbi 
higher  the  atate  of  oifilUation  wliieb  pnnrailM,  It  U  a  dijieafie  uhicH,  moreover,  hat 
affected  primitive  raoeia  of  Mankind,  aa  can  ba  ae«ti  ftmn  the  akulla  in  any  anlhrofid- 
logical  ooUaetioii*  The  female  aex  ia  aabjact  to  caries  in  a  distinctly  blghar  propQi^ 
ttofi  than  the  male.     The  lower  animala  aeldoiii  contract  it. 

tta  onaet  ia  characteriMd  by  an  opaque  ipot  upon  the  enamel  either  of  a  maata* 
Gating  ftirface  or  of  a  depreaiiion  on  the  crown.  Thb  often  o\min  out  into  a  fifl«ar»« 
lika  aroaion,  whihi  tba  opaque  spot  bocomee  more  or  leaa  diaooloureii,  the  tint  iraijiof 
ftom  an  aah-gmy  to  a  deqt  lirvwu.  It  is  now  pretty  widely  acknowledgad  that  thia 
ftanired  contlitiou  ia  brought  about  mechanically  l^'  the  aolvent  action  of  an  acid 
either  oontain<4  in  the  diat  or  generated  in  the  alimentary  vim,  Laeik  0cid  haa  a 
powvrfiiUy  aolvent  action  on  euioiaL 

tta  aoHaoe  having  thua  baoomt  denuded,  mioro-orgaahDiia  of  vaiioaa  kioda  ittA 
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their  w-ay  into  the  dentine  tubes,  cause  them  to  widen,  and  bring  about  their  destruc- 
tion (see  Underwood  and  Milles,  No.  264,  iii  1881,  p.  523  ;  and  Miller,  No.  573). 
The  discoloration,  according  to  Miller,  is  due  to  the  presence  of  chromogenous  micro- 
organisms (e.g.  bacillus  Tuscans)  as  well  as  to  the  sulphuretted  hydrogen  of  the 
putrefying  pulp  acting  upon  the  iron  of  the  tooth. 

Simple  Erosion, 

Simple  erosion  of  the  surface  is  common  both  in  children  and  adults.  It  consists 
in  the  scooping  out  of  minute  cup-sha()ed  cavities  often  located  on  the  labial  aspect 
of  the  tooth  without  the  ordinary  symptoms  of  caries.  These  erosions  are  sometimes 
of  considerable  size.  They  piei-ce  through  the  enamel  down  to  the  dentine.  The 
erosion  tends,  however,  to  be  arrested  and  not  to  involve  the  vitality  of  the  tooth. 


Syphilitic  Teeth. 

Hutchinson  (No.  610,  i.  1866,  p.  317)  called  attention  to  a  peculiar  deformity  of 
the  permanent  teeth  the  result  of  inherited  syphilis.  The  upper  central  incisors 
are  those  most  typically  affected.  These  teeth  are  more  or  less  peg-shaped  and  very 
thin.  After  a  while  a  crescentic  segment  breaks  away  from  their  edge,  leaving  a  notch 
which  is  permanent  for  some  years,  but  ultimately  becomes  worn  down. 

Other  Diseases  of  the  Teeth, 

Apart  from  periosteitis,  suppuration  of  the  fang,  and  so  on,  the  teeth  sometimes 
uffer  from  the  accretion  of  an  excessive  layer  of  cementum  around  their  roots.  It 
forms  an  exostosis-like  growth.  In  some  instances  a  huge  odontoma  grows  from  the 
formative  pulp  and  may  press  upwards  into  the  antrum.  In  horses  these  tumours 
are  common  enough,  and  consist  of  an  irregularly-contoured  mass  of  dentine  some- 
times with  an  admixture  of  enamel  or  bone.  Supernumerary  teeth  ai-e  often  met 
with.  Dentigerous  cysts  may  form  in  the  jaws  and  occasionally  extend  up  into  the 
antrum.  They  seem  to  arise  in  connection  ^ith  the  teeth,  and  may  even  have  teeth 
lying  within  them. 

Literature  on  Diseases  of  the  Teeth, — Black :  American  System  of  Dentistry. 
Harris :  Principles  and  Practice  of  Dentistry,  1889.  Leber  and  Rottenstein : 
Uob.  d.  Caries  d.  Zahne,  1867.  Ma^tot :  Recherches  sur  la  carie  des  dents,  1871. 
Miller :  Die  Mikro-organismen  der  Mundhohle,  1889  ;  also^  American  Transl.  1890. 
Milles  and  Underwood  (Caries):  Trans.  Intemat  Med.  Cong.,  Lond.,  1881. 
Mummery  (Caries) :  Trans.  Odont.  Soc.,  Gt.  Britain,  ii.  1870,  p.  7  ;  also  (Prepara- 
tion of  Teeth  and  Bone),  Brit.  Joum.  Dent.  Sc.,  xxxiii.  1890,  p.  578.  Sewill : 
Student's  Guide  to  Dental  Anatomy  and  Surger}',  1876.  Tomes:  Syst.  Dental 
Surgery,  1887. 


CHAPTER  XC 

DISEASES  OF  THE  SKIN 

PiGMENTKD   CONDITIONS   OF   THE  SKIN. 

1060.  The  skin  hecomes  more  or  less  universally  bronzed  or  of 
a  mulatto-tint  in  Addison's  disease.  The  term  chloasma  (xXoii(m, 
I  am  pale  green)  is  one  of  generic  significance  applied  to  pig- 
mentation diffusely  spread  abroad,  or  localised  to  patches,  and 
occurring  on  the  face  or  other  |>arts  of  the  trunk.  By  C.  uterinum 
is  meant  the  pigmentation  of  the  areolae  of  the  nipples  and  of  the 
linea  alba  in  pregnancy  and  sometimes  in  diseased  conditions  of  the 
uterus.  Ephelidfs  or  frerkUs  are  due  to  brown  pigmentation,  caused, 
like  other  forms  of  pigmentation,  by  dejx)sit  of  ])igment  in  the  rete 
Mal])ighii.  The  ap])lication  of  counter-irritants,  or  the  ex|)osure  of  the 
skin  to  uinisually  gieat  heat,  induces  a  brown  pigmentation.  The 
<lappled  brown  colour  of  the  front  of  the  legs  seen  so  frequently  in 
ol<l  subjectri  has  been  allege<l  to  1x3  caused  by  exposing  the  legs  to  the 
heat  of  the  fire  (Ephelis  ignealis).  Many  eruptions  leave  a  pigmented 
condition  of  the  skin  after  they  heal. 

The  j>igmcnt  is  found  most  abundantly  in  the  rete  Malpighii,  but 
the  |)apillary  layer  underneath  is  also  coloured.  In  Addison's  disease 
the  colonition  of  the  cutis  vera  is  well  marked.  In  fact  the  rete 
cells  siH*m  to  get  their  pigment  at  second  hand  from  that  contained  in 
the  fibrous  tij^sue  of  the  cutis. 

Pigmentation  is  sometimes  brought  about  spuriously  by  the 
exci'ssive  use  of  >///>/•  (argyria),  ars('ftv\  jnrrir  acid,  and  other  poisonous 
^iubf<tances.      TaWfonuj  is  another  form  of  spurious  coloration. 


Pityriasis  Kcuha  (Hebra). 

lOGl.   \\y  I'itijnusis  (Trirvfwv^  furfur,  bran)  the  older  writers  under- 
sto<Hl  several  varieties  of  dermatitis  in  which  fine  scales  are  thro^Ti  off 
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in  varying  quantity.  Most  of  these,  however,  are  now  considered 
to  represent  simply  phases  of  particular  skin  diseases  of  wider  range, 
such  as  eczema ;  while  others,  such  as  P.  versicolor,  are  known  to  be 
caused  by  a  vegetable  micro-parasite. 

Pityriasis  rubra,  however,  seems  to  be  quite  a  special  disease,  and 
according  to  Hebra  (No.  616,  ii.  p.  69),  who  gave  it  this  name,  was 
mentioned  by  Bateman  in  his  continuation  of  Willan's  work. 

Hebra  applies  the  name  to  an  affection  in  which,  throughout  its 
whole  course,  the  only  sjrmptom  is  the  j>^ri>*/5/en/  deep -red  colmat'wn  of 
the  skin.  The  colour  becomes  arterial  red  when  the  individual  is  warm, 
as  in  bed,  more  of  a  pui'ple  when  cold.  Throughout  the  entire  progress 
of  the  malady  there  are  neither  papules  nor  vesicles;  there  is  an 
absence  of  all  abnormal  secretion  and  of  fissures ;  and  the  condition 
of  redness  affects  the  whole  surface  of  the  body. 

The  disease  is  a  rare  one  and  generally  proves  fatal.  The  patient 
falls  off  in  flesh  and  in  energy ;  the  skin  becomes  pale  and  yellow 
tinted  towards  the  fatal  termination. 


Erythema  (^pvOrjfiay  redness  of  skin). 

1062.  Definition. — The  term  Erythema  is  employed  by  most 
dermatologists  in  a  somewhat  generic  sense  to  indicate  a  class  of  diseases 
cKaraderised  by  patchy  redness  of  the  skin,  until  more  or  less  effusion  into  its 
superficial  layers.  Many  of  the  diseases  so  classified  are  considered  to 
be  the  result  of  an  angeio-neurosis. 

Theory  of  Angeio-Neuroses. — As  detailed  by  Kaposi  (No.  615, 
p.  299),  this  is  briefly  as  follows :  His  explanation  is  an  extension  of 
that  given  originally  by  Eulenburg  and  Landois.  Firstly,  a  contraction 
of  the  small  arteries  in  a  limited  area  of  the  papillary  layer  of  the 
skin  takes  place  by  stimulation  of  the  vaso-constrictor  nerves,  or  in 
virtue  of  the  protoplasmic  vitality  of  the  capillary  walls.  To  this 
succeeds,  secondly,  a  period  of  relaxation  of  the  wall  and  dilatation 
of  the  channel,  followed  by  hypersemia  and  slowing  of  the  blood 
current.  The  relaxation  results  from  paralysis  of  the  vaso-constrictors 
or  stimulation  of  the  vaso-dilators. 

In  a  first  class  of  examples  the  angeio-neurosis  goes  no  further. 
It  is  characterised  simply  by  temporary  redness  of  the  skin  without 
effusion  of  blood-products.  Such  are  the  roseolar  eruptions  of  measles, 
syphilis,  etc. 

In  a  second  class,  however,  not  only  is  there  vascular  dilatation,  but 
this  dilatation  is  accompanied  by  effusion  of  serum,  so  that,  in  addition 
to  the  affected  patch  being  red,  it  is  also  infiltrated  and  raised.  Such, 
for  instance,  appears  to  be  the  state  of  the  parts  in  erythema  nodosum 
and  in  urticaria. 

In  a  third  class,  not  only  is  serum  effused  into  the  skin,  but  this 
serum  forces  itself  beneath  the  epidermis  and  forms  vesicles  or  bullae. 
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A&  exaniplea  of  mic\\  the  vesicular  stages  of  erythema  exudrntlTiifli 
niultifoime  may  be  cit-ecl 

In   accounting  for  these  augcio-iicurotic  manifestatiotiR,  we 
8iipix»se  that  Bome  stimulus  is  iipplied  to  the  nerve  mochAnism 
cerne*l»  either  centmlly  or  i>enphenilly. 

Thu8  (1)  it  i*  comprehcnsiblL!  thnt  the  vtwo-motor  centrce  in  the 
medulla  may  lie  acted  upon  tlirectly  by  the  poiaons  of,  let  us  nj, 
raeasle.«i,  s»yi»hilis,  scjirliitiaa,  typhoiti,  etc,  in  such  a  manner  as  to  bring 
about  the  vascuhir  dilatatioii  which  is  the  emist.*  of  the  eniptioR* 

(2)  We  may  suppone  further  that  stimuli  applied  to  the  periphery 
may  influence  these  centres  reflex ly. 

(3)  The  ccntrea  in  the  highiT  brain  exerthigan  inHuencc  over  the 
blood- vessels  may  be  excitctl  directly  or  retlexly,  and  bring  alx>ut 
arterial  dilatation  m  in  ordinary  lilushing. 

(4;  Apart  from  any  nerve  impulse  propagatotl  from  the 
nen'e  centres,  there  is  reason  to  believe  that  stimuli  applietl  to  the 
akin  may  act  locally  up>n  the  \'e8»el8  of  the  papillarv'  layer.  Thu« 
the  thumb-nail  drawn  shiiqtly  across  the  skin  causes  a  line  of  blanehiiig» 
followed  in  a  few  seconds  by  a  correspf*n<ling  line  of  rednesa,  And 
in  some  indivi<hiak  so  great  ia  the  susceptibility  to  preawiro  thim 
exerted,  that  not  only  a  line  of  redness  is  forthcoming,  but  a  distinct 
wheid  of  rai^^nl  and  serum -infiltrated  tissue,  like  that  of  urticaria, 
makes  its  ap|»ea ranee  a  minute  or  two  after  the  rmlnesa  has  lio«Hime 
isible*       This  does  not   seem    to  be   a   reflex   effect  of  the   stimnhii 

^applie^l,  but  rather  a  purely  local  reaction  of  the  vesael  walls.  It 
is  prolittbly  alike  with  that  which  follows  the  poisonous  stings  ol 
insectsi,  which,  it  will  Imj  remembered,  are  also  followed  by  great 
cedema. 

It  is  questionable  whHher  the  cttusinn  into  the  skin  in  tl 
of  diseases  is  to  be  regardecl  as  niflammntory,  even  although   i 
times  contains  small  round  cells.      It  has  njore  the  character  of  a  local 
tlnipsy.      The    l)ordor-land   between   the   two,   however,   is   not  well 
ilefined. 

The  tmiimni  ttmnifestfitions  of  such  an geio- neuroses  vary  acoottling^ 
to  the  presence  or  alisence,  and  the  amotmt  of  this  ofTusioiL  TlnQl 
if  there  be  an  absence  of  effusion,  the  part  may  present  the  a|q)eimiee 
ffimply  of  a  rosrwi  *w  imrj^le^nUmml  iwtfrh.  Bhotdd  there  be  a  imall 
amount  of  efftision,  a  jMtjmU  or  Uilwrfk  may  follow.  Should  this  be 
rwiter^  it  may  conform  in  ai)jwarance  to  a  u*hf*tK  While,  if  the 
txudate  undermine  the  epidermis,  a  fvjiir/**  or  buUn^  according  t^  the 

'amtaint,  may  be  the  resiUt, 

The  order,  however,  is  alwa3r8  the  same^  namely,  that  of  maeah, 
})apuja,  tuVx'rculum,  vesiculnm,  and  bull,%  in  accordance  with  the  anniunt  fl 
of  the  effusion  ;  and  all  or  any  of  these  may  be  manifestations  of  whai  " 
may  be  called  an  erythematous  affection.     In  keeping  with  this,  several 
forms  of  erythematous  disease  arc  generally  describc<l      They  are 
chiefly  as  follows ; — 
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(1)  Erythema  Exudativum  Multiforme  (Hebra). 

Sijn. — Erythema  Polymorphe  (Kaposi). 

The  disease  gets  its  name  from  the  many  aspects  it  assumes,  pass- 
ing, as  it  may  do,  from  a  mere  roseolar  eruption  into  one  which  is 
distinctly  vesicular. 

It  occurs  symmetrically  and  usually  on  the  backs  of  both  hands 
and  feet,  as  well  as  on  adjacent  parts  of  the  forearms  and  legs.  It 
shows  first  as  minute  spots  or  maculae  of  cinnabar-red  congestion,  from 
a  pin's  head  to  a  lentil-seed  in  area.  These  enlarge,  and  as  they  do 
so  tend  to  coalesce.  They  lose  their  red  colour  under  pressure,  are  flat 
or  elevated,  oedematous  or  hard,  as  the  case  may  be,  and  may  possess  a 
sharp  border.  They  are  widely  disseminated,  and  while  one  crop 
partly  loses  its  colour  and  fades,  a  fresh  crop  appears  in  the  parts 
above.  After  a  few  hours  each  macula  becomes  depressed  in  the 
centre  and  cyanotic,  while  the  younger  periphery  still  retains  its  cin- 
nabar-red tint.  The  increase  in  size  goes  on  until  each  patch  may 
come  to  be  as  large  as  a  crown-piece.  These  finally  run  together,  so 
that  possibly  by  the  second  or  third  day  the  eruption  on  the  back  of 
the  hands  has  become  diffuse.  It  has  a  piu-ple  colour.  If  present  in 
the  face  the  eruption  may  still  have  a  discrete  character,  and  at  parts, 
as  on  the  eyelids,  there  may  be  punctiform  haemorrhages,  which  in 
course  of  time  suffer  discoloration. 

It  sometimes  happens  that  the  centre  of  the  patch  becomes  un- 
usually pale,  the  margin  remaining  red.  To  such  the  name  Erythema 
annulare  is  given.  Where  several  of  these  coalesce  they  constitute 
patches  with  an  irregular  or  sinuous  border.  This  condition  is  known 
as  Erythema  g^ratum  or  figuratum.  If  a  red  spot  appears  in  the 
centre  of  an  otherwise  pale  patch,  the  term  Erythema  iris  is  applied 
to  it.  Should  a  little  nodule  form  where  previously  there  was  only  a 
congested  spot,  the  condition  is  called  Erythema  papuiatum ;  and 
if  the  patch  be  raised  but  larger  than  a  papule,  something  like  an 
urticaria  wheal,  it  is  known  as  Erythema  urticatum  or  Lichen 
urticatus.  If  the  eff'usion  into  the  skin  be  greater  and  the  liquid 
undermine  the  epidermis  so  as  to  form  vesicles,  the  term  Erythema 
vesicuiosum  is  applied  to  it ;  and  if  the  vesicles  be  multiple  and 
located  at  the  margin,  that  of  Herpes  circinatus.  Sometimes  in 
the  vesicular  variety  a  single  vesicle  is  seen  at  the  centre,  a  circlet  of 
vesicles  at  the  periphery.  This  is  known  as  Herpes  iris.  One 
vesicle  at  either  the  margin  or  the  centre  may  be  unusually  large,  and 
to  this  form  the  name  Erythema  buiiosum  is  given. 

The  exudation,  after  the  vesicles  have  atrophied,  may  dry  and  be 
converted  into  crusts.  The  disease  usually  terminates  in  scaling,  and 
leaves  a  brown  pigmented  mark  at  the  affected  part. 

As  a  rule,  there  is  little  if  any  fever  accompanying  the  condition, 
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but  complications  such  as  peri-  or  cndocarrlitis,  pleurisy  or  pnoumonui,  ^ 

may  arise  and  may  prove  fatal. 

(2)  Eiythenia  Naiiiimm  (Utikmiii  tuberoifa). 

This  disejise  is  characterised  by  the  occurrence  of  congested 
elevated  masses  of  skin  varying  in  size  from  a  hazelnut  to  a  walntlt, 
iind  usimlly  situated  n]^m  the  legs  and  bick  of  the  feet,  to  a  leoa  extant 
m>on  the  forearms,  thighs,  and  nates.  They  are  of  hard  oonslstente, 
of  a  cyanotic  tint  at  the  centre,  brighter  red  at  the  margin.  On 
account  of  their  hai-dnesa  they  are  easily  felt,  but  are  unus^ually  fminful 
on  pressure.  They  sometimes  run  together,  at  other  times  arc  ili*- 
seminatoii  Thei-e  may  he  from  fifte<'n  to  twenty  of  such  patcbee 
Upon  one  extremity,  and  one  lot  may  vanish  to  l»e  replaced  by  anotliiry 
a  phenomenon  whirh  may  continue  fur  weeks  or  monthB. 

Their  appearance  is  usmilly  accompanied  by  fever,  and  they  are 
looked  upfjn  as  in  »ome  way  connected  with  derangements  of  the 
organs  of  tligestinn. 

Anatomic  ally,  the  thickening  is  found  to  be  caused  chiefly  hy 
serous  infiltration  of  the  tilirous  texture  of  the  skin  and  subcutaneoue 
areolar  tissues,  together  with  great  congestion  of   the  bloo*l-v 
In  all  respects  the  mai^s  iesembles  a  gigsintic  urticaria  wheaL 

The  tenn  is  strictly  appb*ed  to  a  moasly  rash  occurring  inostlj 
tnfantA  or  young  children.     It  is  also  employed,  however*  to  imiicatai 
the  jwtchy  congestion   of  the  skin  characteristic  of  meaalea,  ay 
scarlatina,   typhoid,  etc.     A  similar  rash  follows  upon  the  cxc 
conaumption  of  eo[>ail»a^  quinine,  opium,  iocline,  bromine,  eta 

It  is  essentially  a  condition  of  almost  pure  hy[>enemia.     There  is  ' 
little  if  any  effusion  into  the  partJ*  around. 

Other  forms  of  Erythema  are  E.  fug^as,  where  t!  ^  .^  i» 
of  a  transitory  anil  pat^liy  tharacter.      It  corner  out  sud-,  the 

f:ice  ami  trunk,  and  diRapiH?ars  in  from  a  few  minutea  to  a  tew  huurs. 
Chilblains  (j^ieniionides)  are  a  variety  of  erythema  brought  on  hy 
frosty  weather.  They  commence  as  erythematous  patchee,  which  J 
rapidly  become  infiltrated.  They  excite  excessive  itching  and  it  may 
Ik>  pain.  They  sometimes  l>ecome  much  intlamed  when  ex|Ki6ed  to 
friction  and  may  ulcentte  or  slough.  In  the  hrtit  iiUige  of  the  diieaet 
known  a«  Pellagra,  a  disease  occmring  chiefly  in  Nurtheni  Italy  Anil 
S{Miin«  an  erythematous  eniption  shows  itself  on  the  buck  of  the  i 
hands,  on  the  face,  neck,  and  breasL  Acrodynia  or  E.  endemi*  | 
cum  is  ehamcterised  by  the  occurrence  of  an  erythematous  efflorescence,  I 
Aomething  like  that  of  pellagra.  It  is  located  on  the  liands  and  feet. 
In  the  years  1827-29  it  apread  epidemically  over  Paris  ajid  levcndj 
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other  French  towns.  Since  then  it  has  been  observed  occasionally 
among  French  and  Belgian  soldiers.  The  term  E.  Ixve  is  used  to 
indicate  the  erythematous  eruption  occurring  upon  oedematous  limbs. 

Urticaria  (urtica,  a  nettle). 

1063.  As  before  said,  this  is  another  of  the  so-called  angeio- 
neuroses.  It  is  characterised  by  the  breaking  out  of  congested  wheals 
upon  different  parts  of  the  body,  and  is  usually  connected  with  some 
gastric  disturbance.  The  eating  of  certain  articles  of  diet  serves  to 
bring  out  an  eruption  of  nettle-rash  in  some  persons. 


Erysipelas  {ipva-iwekas,  from  ipvOpos,  red,  and  TrcAAa,  the  skin). 

Sijn. — St.  Anthony's  Fire,  The  Rose. 

1064.  Definition.  —  A  contagious  and  sometimes  epidemic  disease, 
characterised  by  acute  inflammation  of  the  skin,  or  of  a  mucous  membrane, 
and  to  a  ceiiuin  extent  of  the  subcutaneous  areolar  tissue,  tending  to  spread 
Qvei'  a  wide  area  from  a  limited  centre,  and  usually  ending  in  resolution  from 
the  eighth  to  the  thirteenth  day.  The  inftamnuitimi  is  due  to  a  specific 
microbe,  the  Streptococcus  Erysipelatis. 

Starting  Point  of  the  Disease. — The  inflammation  usually 
originates  in  a  wound ;  it  may  be  a  lacerated  wound  of  the  scalp,  or  a 
mere  crack  or  fissure  in  the  skin.  At  other  times  not  even  an 
abrasion  is  visible.  So  that  the  disease  is  sometimes  described  as 
traumatic  and  idiopathic. 

Seats. — The  skin  of  the  face  and  scalp  enjoys  a  pre-eminence  in 
point  of  frequency ;  that  of  the  arm  or  upper  arm  probably  comes 
next.  The  cicatrising  umbilicus  serves  occasionally  as  the  centre  of 
the  infected  area  (erysipelas  neonatorum) ;  while  in  rare  instances  the 
mucous  membrane  of  the  pharynx  and  nares  is  the  i)art  primarily 
invaded  by  the  specific  coccus.  Puerperal  fever,  so  called,  seems  in 
many  cases  to  be  caused  by  the  same  parasite  as  that  of  ordinary 
erysipelas.  The  vagina,  uterus,  and  peritoneum  are  the  seats  of  its 
growth  and  ramifications.  The  liquid  taken  from  a  puerperal  peri- 
tonitis teems  with  the  microbe.  These  puerperal  cases  may  or  may 
not  be  accompanied  by  some  cutaneous  manifestation  of  erysipelas. 
Erysipelas  may  also  follow  vaccination,  or  spread  from  an  old  ulcer. 

Vital  Phenomena. — Ordinary  cases  are  ushered  in  with  shiver- 
ing. A  painful  area  of  a  reddish-brown  colour,  and  perhaps  from  half 
a  crown  to  a  crown -piece  in  size,  develops  upon  the  skin.  In  the 
case  of  erysipelas  of  the  face  the  initiatory  seat  of  the  inflammation 
is  often  the  nose  and  its  neighbourhood.  The  inflamed  part,  over 
and  above  being  painful,  is  also  itchy  at  first.  On  the  following  day 
the  blush  of  redness  has  perhaps  spread  over  a  much  wider  area,  and 
in  from  three  to  five  days  the  disease  has  reached  its  acme. 
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The  Affected  part  ia  now  much  swollen  and  of  a  brownish -red 
colour.  It  pits  on  presstire,  and  presents  u  peculiarly  brawny  Imid- 
ness  on  being  tom-hed.  Vesicles  or  Vmllie  filled  with  seroilfl  fluid 
may  force  themselves  U|i  oti  the  surface  (erysi{>elafi  vesiculofum  or 
hniloMimiK  or  actmd  pa^jtiilos  may  form  in  certain  cases  (eiyijpilai 
pUi<tulostim).  The  constitutional  phenomena  arc  sevorft  Tho  evening 
temperature  rises  to  39'^-4r  C\  and  the  individuAl  is  usually  delirious. 

The  part  then  becomes  softer,  more  and  more  brown-colourod,  and 
scales  or  flakes  of  brown  epidermis  peel  off.  The  vesicles  dry  down^ 
and  the  topical  manifestations  of  tho  disease  undergo  resolution.  A* 
a  rule,  very  little  induration  of  the  part  remsiins,  but  it  may  happen 
rarely  that  the  skin  assumes  a  |iachydermatou8  aspect  or  a  perma- 
nent o*dema  takes  hold  u|)on  it  (er^'sipelas  ii:'dcmato<lcs). 

There  is  a  variety  in  which  the  ilisease  spreads  by  long  shootji  or 
processes  of  inflammation  (crysijiclas  mip^irjs  or  crmticum)  which 
attfick  fresh  territorie-<j  as  the  old  areas  heal  ;  and  to  such  an  extent 
may  this  proceeil  that  the  whole  surface  of  the  lK)dy  nuiy  becoiQ# 
succes^iively  invaded.  Pjilches  of  erysipelatous  rc*dnG8S  may  even 
again  show  themselves  rn  the  parts  whirli  have  healed. 

Occasionally,  although  sehlom,  the  disease  ends  in  phlegmi 
suppuration    (erysipelas    phlegmonodes)  or   in    gangrene    (cryii] 
gangrcrjnwnm). 

Anatomical  Changes. — ^The  oiusc  of  the  brawny  hardjMsi  and 
tension  of  tho  skin  is  the  large  amount  and  the  ditTuse  spreading  of 
the  inflammatorv*  exudation.  The  part  is  full  of  serous  licjuid  and 
fibrinous  precipitate.  Leucocytes  are  abundant  around  tlie  hltxMl* 
vessels  ;  and  it  is  said  that  the  fixed  ceUs  of  the  part  proliferate. 
I)<iubt  is  thrown  on  this  latter  statement  by  some,  hut  the  fact  that 
the  skin  may  remain  permanently  thickened  in  certain  ciaea  dioiwi 
that  the  connective  tissue  has  been  stimulated. 

r/i''  »pfafir  toTcus  u  found  at  tho  margin  of  the  blush  of  rednaai^ 
not  in  parts  where  the  infiammation  is  of  older  standing  (Lukomskir, 
No.  13,  Ix.  1874,  p.  +18).  And  here,  as  shown  by  Koch  (No.  44,  I 
1881,  p,  38),  it  is  contined  to  the  lymph  spiices  »nd  lyniph-radieles ;  it 
does  not  infiltnite  the  blood-vessels.  The  IjIoo*!  in  most 
10  l>e  free  fn»m  it  (Wi.lfl;  No.  IS,  hxxi,  1880,  p.  193),  but  thrombuf- 
like  masses  of  coccus  have  occasionally  Ix^en  found  lying  in  the  VMseli 
of  intenial  organs  (v.  Kecklinghausen,  Billroth,  Lukomsky). 

So  abundiuit  is  the  infiltration  of  the  lymph  spaces  that,  as  shown 
in  Fig.  531,  a  complete  injection  of  these  may  l)c  presented  ta  view. 
Billroth,  indeetl^  describe*!  erysipelas^  aa  an  inflammation  of  the  skin 
in  which  the  in-itant  causing  the  inflammation  spreatls  thnmgh  tbe 
network  of  cutaneous  Ivmph  vessels.  Kaposi  calls  it  a  ^*  lyrophangioitit 
capillaris.' 

The  coccus  sometimes  invades  the  lymphatics  of  the  subcutaneous 
areolar  tissue,  but  never  to  the  same  extent  aa  those  of  the 
itaell 
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the  liquid  may  fail  to  eomnmuicate  the  diBease  when  tiioculAtisd 
(Wolff). 

The  smali-eeit  intilti-ation  found  around  the  biocKi- vessels  alao 
invades  the  root-sheaths  of  the  /war.  Hence  the  him  mmU  to  loeo  iU 
hold  find  to  fall  off.  The  sebaoscus  ghtuh  are  similarly  the  nubjeot  of 
a  small -eel  I  infiltration. 

The  Microphyte.— Fehleisen  (see  collected  pipers  in  No.  612) 
was  the  fii-st  tt*  i>ioliite  the  coceuft  of  erysiiM?hi5.  He  obtained  it  from 
the  intlamtHi  skin.  It  apjiears  to  W  idGntical  with  the  Sfrrpi^woeni* 
p^ogene^  found  hy  Passetand  Rosenlwich  in  abscesses,  although  till  Utcly, 
and  oven  yet,  there  was  a  difference,  of  opinion  on  this  subjeei.  It  taken 
the  form  of  a  sitmoua  chain  or  ros^iry,  the  individual  Tuondiers  of  the 
ctmin  being  round  and  not  all  of  like  size.  Even  when  thus  strung 
together  there  is  a  tendency  for  them  to  hang  in  couples  (dijilococei). 
They  are  easily  stained  by  ordinary  methods,  and  are  not  decolorised 
by  Gram's  process.  The  same  or*^anisni  is  found  in  the  lochial  dis- 
ebarge,  and  in  the  licpiid  within  the  peritoneum  of  women  satEotiD^ 
from  puerperal  fever. 

It  grows  on  most  media,  witli  the  exception  apjmrently  of  potato. 
It  will  develop  at  a  temix^rature  as  low  as  10-18  C,  but  a  Inidy 
temperature  is  more  favourable.  When  a  puncture  inotnilation  of  a 
tube  is  made,  the  colonies  begin  U*  show  along  the  track  of  the 
needle  within  twenty-four  hours,  but  only  sjmringly.  In  about  four 
days  the  chiLracters  of  the  growth  may  tni  well  studied.  It  loses  its 
vinUence  in  a  few  weeks^  and  dies  out  in  about  four  months.  The 
track  of  the  needle  in  nutritive  gelatine  shows  fine  white  rouod 
colonies.  Similar  colonies  show  on  the  surface,  which  in  due  time 
run  into  a  white  scalediko  tilm,  It  never  liquefies  the  gidatine.  On 
agar  very  much  the  same  apj>earanees  are  noticed.  It  is  jiartienlarly 
virulent  w*h<»n  Uiken  from  n  pnerperal  pentonitis. 

The  organi.Hni  is  readily  destroyed  l>y  germicides*  After  a  few 
seconds'  eont^ict  with  a  1  |ier  niille  solution  of  corrosive  subliinate, 
or  a  little  longer  with  a  3  per  cent  solution  of  carbolic  acid,  its  Thality 
has  gone.  After  ten  niiinites'  e3q>«3suro  to  a  tomj>eniture  of  52°<5I' 
C,  it  likewise  dies  (Stend»erg,  No.  013,  p,  270). 

If  a  pure  cidture  is  inoculated  upon  the  i^ir  of  the  rabbity  it 
causes  localisetl  ery8i(>elat4jus  intlamnmtion,  which  in  the  course  of 
thirty -six  to  forty -eight  hours  extentis  to  the  root  of  the  ear.  Suli- 
GUtaneouA  injeetitins  d«i  not  usually  cause  erysipelas ;  they  often 
indeed  prove  cpiite  luirmless,  or  at  most  end  in  calling  forth  a 
pblegmon,  Simihuly  intravenous  injections  fail  to  excite  etystpelaii 
and  may  not  elicit  any  symptom  of  note.  Implant^^i  in  the  ooniea»  it 
•preads  between  it^  lamina?  in  a  characteristic  fashion. 

Inoculated  upon  Man,  a  pure  culture  calls  forth  a  chamcierintie 
erysipelas.  It  has  been  frequently  inoeidated  ujwn  Man  with  the 
iricw  of  arresting  the  growtli  of  ineradicable  tumoum  such  as  lupus, 
eancer,  etc.,  and  even  with  the  object  of  removing  syphilides  (Buidv 
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blkmann,  Fehleisen,  Janicke,  and  Neisser).  It  has  been  said  that 
these  tumoni"s  cease  to  pow  ainl  suHbr  retrtjgrade  degeneration  when 
natural  attiick  of  erysipelas  ensues  in  their  iieighhourhood,  and  it  has 
■en  alleged  that  on  several  occasion h  a  Kalutary  result  has  followed 
the  excitation  of  such  an  erysipelas  artificially.  But  the  practice  has 
never  become  generalised,  owing  to  the  danger  accompanying  it.^ 

Of  seven  individuals  suffering  fiom  tumours  and  inriculated  by 
Fehleisen  (No.  612),  six  took  erysipelas.  The  seventh  had  suffered 
from  an  attack  of  erysi|jelas  of  the  face  two  or  three  months  before, 
and  proved  to  lie  immune.  It  is  said  that  s^ilutary  results  follow  only 
,where  the  coccus  wanders  abundantly  into  the  tumour  structure. 
Cause  of  sudden  Cessation  of  Disease. — When  the  attack 
erj'sipelas  has  readied  its  height,  the  fever  rapidly  declines,  and 
the  coccus  vanishes  from  the  inflamed  part.  Several  theories  have 
done  duty  to  account  for  this.  One,  upheld  by  Mctchnikoff  {No, 
13,  cvii.  1887,  p.  20 9X  is,  that  the  phagocytes  engulf  the  para- 
Bites  and  destroy  tliem — the  theory  of  phagocytosis.  Another  is  that 
%lie  high  temperatiu'e  at  the  climax  of  the  disease  kills  them,  De 
Simone  (No.  614,  Nos.  ^dii.  and  xii.)  found  that  a  pure  culture  wiis 
leprived  of  viulity  on  being  subjectecl  to  a  temperatiu-e  of  30*5 "'41" 
for  two  days. 

lofectiosity* — ^The  coccus  of    erysipehis  in  its  natural  halntiit  is 

nbably  a  siijirophyte.     It  adheres  to  particles  of  dust,  and   mtiy  be 

nveyetl  by  means  of  them  from  one  host  to  another.     It  has  been 

lund  by  Eiselsberg  and  Emmerich  in  the  atmosphere  of  a  sui*gical 

rd  notorious  for  the  number  of  erysiix'las  CJises  occurring  in  it. 

tiUmtuTc  m  Ery^jM-las.  —  Ach&Ume :  L'eiy»ij>i"le,  1893.  Billroth:  Cooco- 
ctcria  septicft,  1S74.  Critzman  (Eiysiii^lt  a  Repctitujii) :  Aivh.  gm,  de  ni^., 
|B92,  i.  l»,  24.  D^nuc^ :  Ktiide  Mur  hi  i)atliogeiii(?  et  raiifttoiiiie  ]«itltolog.  d. 
"^rj'aipt-le,  1885,  v.  Eiselsberg  ( Krysipoliis  Com  in  Air):  v,  Langeiil>LTk's  Areli,, 
tx'v,  Emmerich  (En'Hi|>d!i-s  Cocci  in  Air):  Vers.  Dcut-Katurf.  il  Atixtt?  zu 
rrlin,  18S6,  p.  433.  Fehleisen:  AL^tiologie  rles  Ery8ii>els,  18S3.  Flugge :  Die 
likro-org^mismen,  18S0.  Fraenkel  r  GnindrlHs  dei-  Bacterieiikutide,  1S87. 
^alliard  (SUphylwoHms  Artlniti.s  of  Knee  in  ease  of  Erysii>uks  of  the  Face) :  BolL 
it  Tuein.  Soc.  med.  d(*  hop.  de  Varhi,  ix.  1892,  p.  438.  H liter :  Gniudrisa  d. 
Dhinirg,,  18S0.  Knoor  (Idtutity  of  Streptoeo<.cus  Pyogpncs  and  H.  Erysiplatis) : 
**«?rl,  kliii,  Wocba.Hclir,  XXX.  1893,  p.  699,  Kodi  rMittljeOungeii  a.  "d*  kaiserU 
LindluitH,iTiiti%  i.  18S1,  ti,  38.  Lukomsky :  Arch,  f,  patlu  Aiiat,  L\.  1874,  p, 
|18.  Metchaikofif:  Arch.  L  pntli.  Aiiat.,  cvii.  I8S7,  p.  209.  Nepveu ;  Dea 
cti^ries  dans  r<''iTsip»'l'^  1870  ami  1885.  Orth  (Expmnieiital) :  Arch.  f.  exp. 
pmth.  n.  Phnmmknl.  L  p.  81.  Fasset :  Untersuchinigcii  iih.  dif  eitrigeii  Plilemnoneij 
I  Mt^iischen,  188.5.  Pfuhl  (C-aae  of  General  Ijifection  with  Strcptoeuccua  ftJlnwiiig 
iitaneoiiH  Eryaipelaji) :  Ztwljr.  f.  Hyg.  u,  Infcctiunskrank,  xii.  1892,  ji.  517» 
(ExiHiriiueriUl  Study  of  Strfptfjcoccus  of  ErysijtelAa) :  K<?v.  de  med.,  xii. 
Ki  p.  929.  Dc  Simone*{Relfttioiisliip  of  a  Fomi  of  Fvneniia  to  E.):  Morgagin, 
i,  l^os.  8-12.  WoJff:  Ajt:h.  t  imtb.  Anat,  lxxxi."lS80,  p.  1^3.  Ziegler : 
'*attirforscher\'erBaimidiiii>i  in  8alzhurg»  1881. 

'  la  thia  rtlfttionship  it  may  be  nirntioiied  thut  the  late  Mr.  Syiiie  observed  iui  indo- 
nt  ulcer  of  the  leg  takt;  on  a  reiimrkable  healing  aetioB  after  a  locsltaed  attlu^k  of 
ysi)>ela;E^  «n  olwervation  which  led  him  to  a^lojit  the  practice  of  applying  a  blister  to 

I  tilccrwj  with,  UA  h  admittei^  the  very  l>e»t  rtsniL'dial  eiTect. 
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Eczema  {in{ifia,  a  heat  sp&t;  from  eVfew,  /  hoU  orrr), 

1065.  Thia  is  often  described  as  a  catarrhal  affection  of  the  skm, 
from  the  fact  that  it  resemliles  catarrh  of  mucous  membranea.  The 
disease  iwually  rmis  an  acute  com^e,  Ijut  tu  cerUin  subjocta,  mor^? 
especially  thoie  of  lowered  vitality,  it  tends  to  become  chronic  and 
intractable. 

Vital  Phenomena. — It  i«  characterised  firstly  by  more  or  lew 
redness  of  the  skin,  accompanied  by  itching-  Next  an  eruptiun  of 
[Kipule^  cR^curs  upwn  the  part,  followed  by  >'esicle8  or  pustules,  from 
which  there  exudes  a  viscid  watery  discharge  ;  the  papillary  layer, 
arid  sometimes  the  entire  depth  of  the  corium,  liecome  thickenfid* 
Scabs  or  scales  form  on  the  surface,  which  on  falling  off  leave  the 
skin  in  a  comparatively  healthy  ntiite,  although  generally  somewhat 
brownish  coloiu*cd.  The  jMU'ts  of  the  IkkIv  most  frequently  alfcctetl 
are  the  face,  hands,  and  interdigital  spaces  of  the  toes,  auditory  meatus 
or  nares  and  their  vicinity,  the  folds  of  the  groin,  nates,  extenial 
genitali*,  etc. 

Terminology, — ^A^arious  terms  are  applied  to  particular  forms  of 
eczema  according  to  the  dominant  jiectdiarity  of  the  case*  Tbni 
those  of  E.  jMtpuiosum  or  Ikhn  mupltx,  irsirutumm^  or  trythematamm 
are  used  to  indicate  that  the  disease  inclines  to  the  fmpular,  vesi* 
cular,  or  oxleniatoiia  infiltrated  and  congested  type,  E.  jtustuhtntm 
or  impelujinadrs  is  that  variety  in  which  pustides  instead  of  papules 
or  vesicles  are  present ;  E.  mlniifh  or  ftt4ii(hiafi.%  whei-e  the  inflamma* 
tiun  is  intense  ;  E.  stiiuima^um^  where  the  inflammation  is  alight^  and 
where  there  is  a  psoriasis-like  tendency  to  desipianiation.  The  term 
Intertritp  is  applied  to  the  excoriated  condition  resulting  from  the  close 
api>o8ition  and  friction  of  two  adjacent  skin  surfaces. 

Morbid  Anatomy. — Little  or  nothing  is  known  of  the  true 
pathology  of  many  of  the  varieties.  8ome  of  them  are  said  to  be 
reflex  an geio neuroses,  and  to  be  closely  related  to  tlie  erjrtbematm. 

The  [mpillary  hiyer  of  the  corium  is  that  which  is  most  affected. 
It  presents  evidence  of  tTiHanimation  in  the  presence  of  a  small^ell 
in61tration  of  its  intertibrillar  spaces,  And  liquid  exudation.  In  tlie 
pajjilLiry  variety  the  i>apillm  are  swollen  The  greater  the  intensity 
of  the  inflammation  the  deeper  the  small-cell  intiltration  spreads  into 
the  corium^  and  it  may  be  into  the  Bul>cutaneous  fat  The  epidennii 
becomes  opened  out  and  undenuined  by  the  exuded  liquid,  as  (n  aiiy 
other  vesicular  lesion  of  the  skin. 


iMPrrroo  (a  scabby  eruption  ;  from  impeierf,  to  aiaall  or  attmck). 

106(5.  This  in  olden  times  was  the  generic  term  for  a  pustular 
^ruptton<  Most  of  the  forms  of  impetigo,  however,  prore  to  be 
amply  varieties  of  eczenm  (E*  pusitdomtm). 
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There  is  one  variety,  notwithstanding  (/.  contagiosa)^  which  is 
generally  held  to  be  a  special  disease,  and,  as  its  name  indicates,  the 
impression  is  that  it  can  be  communicated  from  one  individual  to 
another.  It  starts  as  an  eruption  of  vesicles  on  various  parts  of  the 
body,  which  in  course  of  time  become  converted  into  pale  yellow- 
coloured  pustules.  Several  microphytes  and  even  moulds  have  been 
isolated  from  the  contents  of  the  pustules,  but  probably  these  are  to  be 
regarded  more  as  evidence  of  contamination  than  as  the  specific  cause 
of  the  disease. 

Ecthyma  (Ik^v/xo,  a  pustule)  appears  to  be  simply  a  variety  of 
this  disease  occurring  on  the  trunk  or  limbs,  and  distinguished  by  the 
affected  part  possessing  an  inflamed  basis.  The  inflammation  is  prob- 
ably the  result  of  friction. 


Vesicular  Skin  Diseases. 

1067.  There  are  certain  affections  of  the  skin  characterised  essen- 
tially by  the  vesicular  efflorescence  accompanying  them.  The  more 
prominent  members  of  the  group  are  Pompholyx,  Herpes,  and  Pem- 
phigus. The  miliaria  or  sudamina  appearing  in  feverish  states  of  the 
body  are  to  be  reckoned  in  the  same  category.  They  appear  to  be 
simply  localised  portions  of  epidermis  undermined  by  sweat. 


(1)  Pompholyx  (irofjL<f}6\v(,  a  water-bubble). 

The  term  is  applied  to  an  eruption  of  bullae  or  blebs,  devoid  of 
an  inflammatory  basis  and  imaccompanied  by  fever,  in  which  the  blebs 
are  located  upon  the  hands  and  feet,  and  vary  in  size  from  a  millet 
to  a  nux-vomica  seed  or  larger.  They  do  not  rupture  spontaneously, 
but  tend  to  dry  up  and  be  absorbed.  The  liquid  they  contain, 
according  to  Crocker  (No.  617,  p.  136),  is  neutral  or  alkaline  and 
perfectly  clear  at  first,  although  that  in  the  older  ones  is  turbid. 

The  vesicle,  according  to  the  same  authority,  is  usually  hollowed 
out  in  the  midst  of  the  rete  of  the  epidermis,  and  often  in  the  course 
of  a  sweat  duct. 

(2)  Herpes  (I/ottw,  /  creep). 

Definition. — By  herpes  is  understood  a  transitory  eruption  of  one 
or  more  vesicles  occurring  upon  a  congested  base,  and  either  inde- 
pendently or  as  an  accompaniment  of  some  other  disease,  such  as 
acute  pneumonia,  intermittent  fever,  typhoid,  gonorrhoea,  etc. 

Varieties. — ^There  are  several  varieties,  but  the  most  important 
are  H.  labialis  or  facialis,  H.  zoster,  and  H.  progenitalis  or  preputialia 

Herpes  labialis  has  been  already  described  (see  p.  445). 
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Herpes  zoster  (iujtrrtjp,  a  belt)  or  shingles  is  charactenserl  lijf 
the  eniption  of  vej?icle8  occurring  usually  on  one  side  of  the  tnink, 
but  it  may  be  on  the  face  or  elsewhere.  The  vesiclea  may  come  tmV 
successively  ;  they  are  surrounded  liy  a  halo  of  rednefis,  and  tlieir 
.qjpearance  is  Hccomixtnied  Ity  great  |xun.  The  vesiclcui  contain  ele-af 
*tTuni  at  firfit,  which  becomes  milky  later  on  and  ultimately  may  b© 
[lunilent.  It  vsutishea  in  course  of  time,  but  leaver  distinct  scare  at 
the  |>oint«;  where  the  vesicles  have  existed. 

It  18  ftaiil  that  the  eruption,  wherever  situated,  follows  the  course  of 
a  cutaneous  nerve,  so  that  the  view  is  genenilly  entertained  that  heipes 
is  a  skin  disease  essentially  under  the  domination  of  peripheml  nervei'^^ 
that  it  is,  in  fact,  one  of  the  angeio-neuroscs ;  and  this  is  borne  out  by 
the  fact  that  the  intercostal  or  other  nerves  concerned  are  found  to  be  in 
a  state  indicative  of  inflammation.  The  disease  in  fact  looks  as  if 
it  were  a  jjeripheml  neuritis  accompanied  by  serous  effusion  into  the 
epidermis.  Sometimes  the  nerve  lesion  seems  to  be  central,  and  then 
the  motor  fibres  may  jMrticipate  in  the  neuritis  as  well  as  the  sonMry. 
A  paralysis  from  this  cause  may  ensue  in  the  course  of  the  d: 

The  nerves  most  commonly  involved  are  the  intercostals  and  tht 
fifth.     It  is  stated  by  Robinson  (No.  620,  p.  231)  that  a  amaU-c«]] 
infiltration,  a  perineuritis,  sometimes  prevails  around  the  nervea  of  tht| 
suljcutaneous  areolar  tissue,  and  that  this  small-cell  infiltration  may  \m 
seen  to  follow  the  finer  branches. 

Herpes  progeoitalis  is  a  vesicular  eruption  occurring  upon  the 
prepuce,  gluns  peril!*,  labi:i,  or  even  on  the  cervix  uteri.  The  reaiclea 
are  snudl  and  aggregated,  and  are  resident  u[)on  a  somewhat  a>ngeitcd 
Imsis.  It  usually  follows*  siome  time  after  the  cessation  of  a  gonorrh(x«i 
or  the  healing  of  a  soft  chancre.  If  irrititted,  as  by  the  act  of  coittus 
the  surface  may  V^ecome  abnuled  and  the  condition  misUikeu  fcir  iwie 
which  is  chancrotis, 

(3)  Pemphigus  (irf/A^,  a  bulMr), 

The  vesicles  are  larger  than  in  any  of  the  other  vesicidar  akin 
mentioned.     They  vary  in  size  from  a  pea  to  a  smidl  orange^ 
filled  vnih  clear  t^croits  li<|uid  at  first  bkKxbsUuned  and  turbid,  but 
becoming,  it  may  Ik-,  jmrulent  later  on. 

In  P.  milg^aris  the  disease  commences  with  the  ap]>car]ince  of 
erythematous  spoU  or  patchofl,  followed  |x)88ibly  by  urticariu-ltke 
wheals.  The  vesicles  raise  themselves  upon  these  ei-ythematous  fiatrhe*, 
upin  the  wheals,  or  it  may  W  u]>on  the  neighlKiuring  unchanged  skin. 
The  iipjKsaranoo  of  the  enij>tion  is  preceded  by  feverish  symptoms 
characteriaod  by  shivering,  high  temj»eniture,  ami  ^uick  pulse. 

In  from  two  to  six  months  the  disease  suffers  resolution.  The 
vesicles  dry  do^vn  into  scabs^  which  after  lieing  shed  leave  a  brown* 
pigmented  liasis  of  *kin.     The  fever  vanishes  and  no  furti  rioo 

of  vesicles  is  noticed.     In  other  cases,  however,  the  ep^  bed 
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with  the  drying  down  of  the  blebs  is  not  reproduced  and  the  raw 
surface  extends  (P.  foliaceus).  The  corium  may  become  involved, 
and  a  gangrenous  slough  take  place.  Granulations  may  subsequently 
show  themselves  on  the  denuded  part. 

Pemphigus  is  occasionally  a  disease  of  infancy,  and,  when  so,  is 
almost  always  syphilitic.  The  vesicles  are  situated  on  an  inflamed 
basis,  and  when  they  rupture  or  are  opened  the  floor  seems  red  and 
almost  granulating. 

The  pathology  of  the  disease  is  still  unknown.  It  is  neither 
contagious  nor  hereditary. 

Formation  of  the  Vesicles, 

In  all  these  varieties  of  skin  disease  the  mode  of  formation  of  the 
vesicles  is  alike.  A  vesicle  is  essentially  a  collection  of  serous  liquid 
embedded  and  encapsuled  within  the  epidermis.  Its  development 
commences  usually  within  the  rete  Malpighii.  The  serous  liquid 
stretches  the  surrounding  epidermic  cells,  and  forcing  its  way  between 
certain  of  them,  gives  rise  to  the  formation  of  a  number  of  cavities. 
Those  cells  constituting  the  walls  of  the  cavities  become  vacuolated 
and  die,  and  when  this  happens  the  vesicle  may  be  found  to  consist  of  a 
single  space,  or  at  most  of  one  with  a  limited  number  of  loculi.  Pus 
cells  possibly  migrate  or  are  forced  out  from  the  adjacent  papillary 
layer  of  the  derma,  causing,  at  first,  a  turbidity  of  the  contain^  liquid, 
later  on,  a  complete  transformation  of  it  into  pus. 


Psoriasis  (^w/oiWis,  a  being  itchy  or  inangy), 

1068.  The  essential  appearances  of  a  psoriasis  eruption  are 
patches  of  varying  size,  consisting  of  a  congested  basis  with  red 
papillae,  which  bleed  on  being  roughly  handled.  This  red  basis  is 
covered  with  white  scales  or  flakes  of  dead  epidermis.  The  eruption 
is  unaccompanied  by  discharge  of  any  kind  from  its  commencement  to 
its  termination.  The  colour  of  the  congested  cutis  is  bright  red  at 
first,  becoming  duller  later  on.  It  is  a  chronic  and  in  some  cases  a 
peculiarly  intractable  disease,  so  much  so  that  the  term  P.  inveterata 
has  been  applied  to  one  variety.  In  these  old-standing  cases  the 
masses  of  dead  epidermis  are  prolific,  and  sometimes,  becoming  mixed 
with  inspissated  half-purulent  material,  assume  a  rupia-like  aspect  (P. 
rupioides,  M'Call  Anderson,  No.  618,  p.  310).  This  rupia-like 
affection,  however,  does  not  show  an  ulcerated  base  when  the  crust  is 
removed,  as  ordinary  rupia  does. 

Several  varieties  are  described,  chief  of  which  are  the  follow- 
ing :— 

P.  guttata  and  punctata,  in  which  the  patches  are  of  small 
size,  in  the  former  discoidal,  in  the  latter  more  papilliform,  and  each 
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some  cases,  instead  of  being  limited  to  small  patches,  spreads  over  wide 
areas  (P.  diffusa). 

The  eruption  may  be  limited  to  particular  regions,  such  as  both 
palms  of  the  hands  (P.  palmaris);  or  to  one  only.  Similarly  it  may 
show  itself  on  the  soles  of  the  feet.  In  other  instances  it  may  cover 
the  greater  extent  of  the  surface  of  the  body  (P.  universalis). 

Morbid  Histology. — As  pointed  out  by  Robinson  (No.  619, 
xxviii.  July  1878;  alsOy  No.  620),  the  essential  point  in  the  morbid 
histology  of  psoriasis  is  the  increase  in  the  depth  of  the  rete  Malpighii. 
So  great  is  this  that  the  appearance  resembles  that  of  a  commencing 
cancer.  The  interpapillary  portion  is  where  the  accumulation  of  the 
rete  cells  is  greatest,  and  on  account  of  this  the  papillae  appear  par- 
ticularly long.  The  rete  covering  the  papillae  is  said  to  be  unusually 
slender  (Thin),  hence  the  exposed  surface  is  liable  to  bleed.  Overlying 
the  altered  rete  are  the  psoriasis  scales,  composed  of  dead  horny 
epidermis.  The  death  of  the  cells  forming  these  scales  takes  place, 
according  to  Thin  (No.  6,  1881,  il  p.  147),  in  the  prickle-cell  layer  of 
the  rete — that  is  to  say,  in  the  layer  which  immediately  overlies  the 
somewhat  cylindrical  cells  adjacent  to  the  corium.  The  cells  here 
become  vacuolated  and  lose  their  nuclei,  and  being  cast  off  rapidly, 
increase  the  bulk  of  the  already  abundant  but  badly  constituted  horny 
epidermis,  and  thus  give  rise  to  the  scales. 

The  vessels  of  the  derma  suffer  congestion,  and  the  derma  itself 
becomes  thickened  through  being  infiltrated  with  small  round  cells. 

Nature  of  Disease. — It  has  often  been  supposed  that  psoriasis 
is  a  parasitical  disease.  There  is  no  distinct  evidence,  however,  of  its  being 
contagious,  nor  has  any  specific  microphyte  ever  been  cultivated  from 
it.  It  is  often  hereditary,  and  there  is  some  slight  evidence  to  show 
that  it  is  communicable.  Lassar  (No.  43,  xxii.  1885,  p.  771)  asserted 
that  he  had  conveyed  it  to  rabbits  by  applying  psoriasis  scales,  lymph, 
and  blood  to  the  skin.  The  observations  of  Angelucci,  Lang,  and 
Wolff  on  the  parasitical  nature  of  the  disease  are  not  sufficiently 
far-reaching  to  be  conclusive. 


Ichthyosis  (I'x^'^  ^^  dried  rough  skin  of  the  shark), 

1069.  There  are  many  degrees  of  ichthyosis  described,  but  in  all 
of  them  the  essential  characteristic  is  a  dry  and  spiny  roughness  of 
the  surface.  This  varies  from  a  mere  harshness  up  to  a  condition  in 
which  the  papillae  become  converted  into  bodies  like  small  porcupine 
quills. 

Xeroderma. — In  this  there  is  a  mere  harshness  and  dryness  of 
the  skin,  distributed  generally  over  the  body.  The  term  tylosis  is 
applied  to  a  condition  of  this  kind  limited  to  the  palms  of  the  hands 
and  the  soles  of  the  feet.     Sometimes  the  outer  aspect  of  the  upper 
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arm  is  the  seat  of  this  roughness.     It  may  l)C  that  the  hiu^h  epidcnniA 
accumulates  around  the  minute  haii-s,  antl  the  two  together  give  nm  in 
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<  i^piWrnif  kyer  of  true  tkin  ;  (d)  btmndUat  row  «f  gril^  fB»tiD 


8piiM»-like  projectiofui.     This  is  known  an  lichen  pilar ts»  anu  m 
•cribed  under  Ikhtu, 
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Ichthyosis  Simplex. — All  the  varieties  of  true  ichtbyosis  com© 
on  in  i.virly  ihilrlhood.  They  ivre  ulleged  to  })e  congenital  and  heredi- 
tary, bnt  there  is  some  duuht  of  this  being  the  ca«e.  It  is  generally 
about  the  second  year  that  the  disease  makes  its  appearance.  It 
spi'eads,  according  to  all  accounts,  from  a  central  focuSj  and  manifests 
itself  more  or  h&a  generally  over  tlie  body,  esi>ecially  on  the  skin  of 
the  alMlomen,  It  fonns  crocodile-scalo-like  excrescences  on  the  sniface. 
The  {wipilhe  in  these  are  not  nn usually  prominent.  They  seem  to  be 
caused  rather  by  a  general  thickening  of  the  horny  layer  of  the 
epidermis  and  eutiK  voia.  The  alture<l  epidermis  has  a  seltaceous 
secretion  bound  up  with  it  which  tends  to  bind  the  cells  of  the 
part  into  a  compact  armour-like  mass.  The  skin,  it  should  be  men- 
tioned, also  l>ecomes  very  tight^  so  that  the  child  may  be  nnable  to 
cry. 

One  jjecnliar  ^  ariety  of  what  seems  to  be  the  same  disease  occurs 
at  birth  in  what  is  known  as  the  "  Harlequin  fret  us/'  Several  of  these 
fietuses  are  contained  in  Lorirlun  Museums.  One  which  the  author 
had  an  opjwrtunity  of  examining  was  exhibited  by  Mr.  Bland 
Sutton  some  years  ago  to  the  London  Pathological  Society.  The  foetus 
is  born,  as  it  were,  en  sheathed  in  a  comidete  casing  of  scaly  armour. 
There  is  a  continuous  covering  of  hard  material  fissured  in  a  wonderfully 
syrometrical  manner  by  int^'rlacing  cracks  into  polygonal  scale4ikG 
areas.  From  the  examination  of  the  skin  from  this  same  case  Crocker 
(Xo.  6 IT,  p.  294)  comes  to  the  conelnsion  that  the  incrustation  was 
not  a  mere  dejiosit  of  vernix  caseosji  of  unusual  thickness  and 
hardness,  bnt  was  due  to  enormous  thickening  of  the  horny  layers, 
the  cells  mixed  with  fatty  matter  just  as  in  I.  hystrix. 

In  L  hystrix  the  ympilhe  are  so  eh  ungated  as  to  cause  an  appear- 
ance of  fjuilMike  bristles  projecting  from  the  part.  They  have  a 
brownish  colour,  and  are  hard  and  spiny  to  the  touch.  All  the 
layers  of  the  epidermis  are  prolific,  but  on  the  surface  the  horny 
layers  have  accumulated  to  an  inordinate  extent  (Fig.  533).  Thci 
blood-vessels  of  the  cutis  vera  may  lie  dilated  and  fillotl  with  bltxxb 
and  the  lymph-vessels  in  a  state  of  lymphorrhii^a.  The  cutis  vera 
does  not  seem  much  altered. 

The  pjithology  of  this,  as  of  so  many  other  skin  diseases,  is  quite 
unknown. 

RupiA  OR  Rhypia  {fiim-0^,  sarde^  or /lih), 

1070.  This  is  essentially  a  syphilide  usually  sho^dng  itself  in  the 
tbird  stage  of  the  disejise^  although  sometimes  it  is  noticed  earlier. 

A  bulla^  the  contents  of  which  may  be  clear  or  blood-stained, 
develops  upon  a  congested  Uisis,  It  niptnres  and  the  contents 
escape.  The  intenor  continues  to  discharge,  and  the  exuded  liquid 
dries  and  forms  a  cnist.  This  crust  accumulates  and  becomes  a  conical, 
stratified,  and  rough  projection  like  a  limpet  shell.     At  the  same  time 
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that  the  incrustation  is  gathering,  the  basis  of  skin  on  which  it  is 
located  begins  to  ulcerate,  so  that  by  the  time  the  crust  separates 
a  punched-out  ulcer  presents  itself.  The  ulcer  may  even  show  itself 
before  separation  by  projecting  beyond  the  margin  of  the  cnist. 


Diseases  of  the  Sebaceous  Glands. 

1071.  The  sebaceous  glands,  it  will  be  remembered,  are  acinous  in 
their  ramifications  and  mostly  open  by  a  duct  into  a  hair  follicle.  If 
the  adjacent  hair  is  very  fine,  if  it  belongs  to  the  lanugo  type,  it  may 
happen  that  it  projects  into  the  duct  of  the  gland  before  emerg- 
ing upon  the  suiface.  The  largest  glands  are  found  in  the  skin 
of  the  nose  and  in  the  labia;  the  skin  of  the  palm,  of  the  vola 
manus,  and  of  the  planta  pedis  is  alone  devoid  of  sebaceous  glands. 
They  are  lined  by  epithelium  which  secretes  the  fatty  material  or 
aebujt). 


(1)  Seborrhcea  (sebuni,  suef,  and  /Ww,  I  flow)  or  SteatmrhcM 
{<rr€apy  crrcaTOs,  /«/)• 

By  this  is  understood  either  a  condition  in  which  the  sebaceous 
secretion  is  so  altered  that,  l)ecoming  mixed  with  epidermis,  it  tends  to 
accumulate  in  scale-like  ]>iirticles  on  the  surface  of  the  scalp  and  other 
I>art«  of  the  Ixxly  ;  or  one  in  which  the  sebum  is  secreted  in  too  great 
quantity,  and  is  expressed  upon  the  surface  in  the  form  of  minute 
drops.  The  vemix  caseosa  of  the  fwtus  is  an  accumulation  of 
sebum  and  shed  epidermis,  and  that  which  occurs  in  the  adult  is 
simply  a  recurrence  of  this  in  a  limited  degree.  The  condition  of 
se}>orrha?a  in  the  scalp  sometimes  takes  the  form  of  dandruflf  or  scurf. 
Bran-like  scales  are  thrown  off  in  abundance  of  a  gray  or  yellow 
colour.  This  is  usually  looked  upon  as  a  dry  seborrhoea.  The 
excessive  secretion  and  desquamated  epithelium  may  accumulate  in 
the  hair  follicle  to  such  an  extent  that  they  compress  the  hair  and 
cause  it  to  fall  off  prematurely. 

In  the  oily  form  of  the  disease  the  skin  is  unusually  glossy,  from 
the  excess  of  fattv  matter  on  the  surface. 


(2)  Sf'fMireous  Ct/sts  or  //V//>. 

These  consist  of  sel>aceous  gkiids  distended  ^ith  more  or  le^s 
altered  secretion.  They  vary  in  size  from  a  millet  seed  up  to  that  of 
a  hen's  egg,  and  are  found  mostly  on  the  scalp  and  skin  of  tlie  tnuik. 
They  are  usually  soft  and  doughy,  but  if  inflamed  may  become  much 
harder.     Those  on  the  trunk  are  seldom  hirger  than  an  almond,  and 
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are  somewhat  flattened  out  and  blanched  in  appearance.  In  the 
centre  is  seen  not  unfrequently  a  minute  black  point  like  that  of  a 
comedone.  It  is  the  obstructed  mouth  of  the  sebaceous  gland  impli> 
cated.  In  the  case  of  wens  of  the  scalp,  the  wall  of  the  sac  is  thick, 
and  the  sac  is  readily  drawn  out  on  being  incised  and  the  contents 
evacuated. 

These  contents  consist  of  a  thick  putty-like  substance  made  up  of 
fatty  matter,  epithelium,  cholesterine  crystals,  and,  it  may  be,  abortive 
hairs.  The  odour  emitted  by  the  contents  of  sebaceous  tumours 
located  on  the  skin  of  the  trunk  is  sometimes  extremely  foetid. 

A  wen,  it  should  be  remembered,  occasionally  proves  the  starting- 
point  of  a  cancer,  and  care  should  be  taken  consequently  to  remove 
the  entire  sac. 

(3)  Acne  (a#cv7y,  qtuisi,  a/c/t*^,  a  point). 

This  is  a  very  common  and  often  troublesome  affection,  occurring 
meetly  from  the  time  of  puberty  on  to  that  of  thirty  years.  It 
consists  in  the  occlusion  and  subsequent  or  coexistent  inflammation  of 
the  sebaceous  glands.  Those  of  the  face  are  most  frequently  the 
subject  of  it  The  secretion  of  the  gland  when  first  poured  out  is 
liquid,  but  that  which  lies  near  the  surface  suffers  inspissation,  and 
may  be  mixed  with  epithelial  scales  to  such  an  extent  that  the  mouth 
of  the  gland  becomes  plugged.  This  occluding  plug,  by  exposure,  dries 
and  assumes  a  black  appearance,  so  that  the  summit  of  the  little 
nodule  which  the  distended  gland  constructs  is  black-tipped.  To  the 
body  so  formed  the  name  of  comedone  is  applied.  The  secretion 
pent  up  within  the  gland  becomes  mixed  more  and  more  with  epi- 
dermic cells  and  suffers  inspissation,  so  that,  when  the  comedone  is 
squeezed,  a  worm-like  white  cast  is  expressed.  It  is  said  that  the 
xnite-like  parasite,  the  demodex  folliculorum,  is  often  resident  within 
this,  but  probably  not  so  frequently  as  is  supposed. 

Sometimes  the  accumulated  sebum  lies  beneath  the  epidermis  and 
occasions  a  little  tumour  free  from  inflammation,  to  which  the  name  of 
milium  is  applied.  It  is  commonest  upon  the  eyelids,  temples,  and 
labia  minora. 

The  gland  so  obstructed  frequently  becomes  inflamed,  most  likely 
from  the  influence  of  the  contained  secretion.  The  inflammation 
extends  to  the  immediate  vicinity  of  the  gland,  and  to  the  root-sheath 
of  a  delicate  hair  into  which  the  neck  of  the  duct  opens.  It  is  now 
that  the  disease  goes  by  the  name  of  acne. 

Suppuration  follows,  so  that  the  little  elevation  becomes  yellow- 
tipped,  and  pus  mixed  with  sebaceous  secretion  may  be  squeezed  out 
of  it.  The  removal  of  the  pus  relieves  the  surrounding  inflamma- 
tion. 

Boils  or  furunculi  are  of  essentially  the  same  nature,  only  the 
accompanying  inflammation  is  much  more  severe.     They  arise  usually 
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aroiind  a  hair  follicle  and  its  attached  sebaceous  gland  ;  sumetlmea,  it 
18  said,  around  a  sweat  gland.  The  inflammation  having  nin  an  aeotc 
course,  suppuration  »et«  in.  The  pus  ia  evncuated  natural] j  or 
artificially,  ami  following  upcm  this  the  centr-al  core  of  the  funm- 
cuius  .s^loughs  out  and  the  part  rapidly  heals.  A  cicatrix  is  left  more 
or  less  well  lourked.  The  pus  contains  the  organ  isms  of  siippma- 
tion. 

A  carbuncle  is  a  still  further  development  of  the  same  proeeM, 
hut  here  the  inflammation  invulves  the  suhcutaneous  tii»8U«  to  a  : 
greater  extent.  Indeed  it  i^  >*;iid  (Warren)  that  the  foi'i  of 
tion  are  primarily  located  in  the  suK-u  tan  ecus  arcfilar  tissue  and 
up  towardn  the  surface  later  on.  There  is  this  further  diflfercncc 
as  com|).Hrcd  with  the  furuncle,  naukcly,  that  the  foci  of  suppumljoa 
are  multiple.  The  carlnuu^lc  is,  in  fact,  a  multilucular  nl^cesa,  wlult 
the  funinculus  is  nnihicuhir. 

Ciirhuncles  may  have  a  dijimeter  of  from  2  to  5  incliea  or 
more,  and  are  acroujpjirded  hy  much  fever  and  constitutional  dk- 
turhiincc,  A  huge?  slough  of  the  affeeietl  ijurt  t^ikes  place,  and  ieptie 
poisoning  may  follow.  The  depressing  effects  are  long  in  bdng 
recovered  from. 

Acne  rosacea  or  gutta  rosea  is  in  a  manner  a  combination  of  i 
an  eryt  hema  or  an  eczema  and  acne.    The  claAsical  seat  is  the  noe©  and 
adjacr^nt  skin.     It  commences  n^  an  eryt henia  like  redness  of  the  parit 
followetl  hy  the  appearance  of  acne  nodules  up4in  the  reddened  iUi^M^ 
iind  general  tuberose  thickening  of  the  skin. 

The  disease  is  often  as^sociated  with  the  alcoholic  habit,  but  in 
many  cases  has  no  connection  with  it. 


LlCIiEN  (^txv*'>  ^^^^^)' 

1072.  By  liehen  is  understood!  a  papular  disea^^e  which  throogbocil;*-^ 
its  whole  life  history  suffers  no  further  transformation  into  efHoreieeiicea  i 
of  a  higher  grade,  that  is  to  say,  which  rlc»c8  not  become  veeicular 
pustular  (see  p.  869)»  but  suffers  involution  aft^r  it  has  reached  the 
pnptthir  stage  (Hehm  and  Ka|>osi). 

It  was  a  ienn  in  fretjuent  use  in  Willan'^;  classification  to  indicate 
a  numljer  of  different  skin  diseases  of  a  |mpular  nature.  Manjr  U 
theae,  however,  are  not  truly  |>apu1ar  throughout,  and  as  applied  to 
them  the  term  ha'*  now  l>ecunte  olisolete.  The  chief  vanetiee  at 
prawnt  recognised  are  L  niber,  L.  scrofuloeus,  and  L*  pilaria 
wrerml  olher  lichendike  diseases  are  described,  such  as  U  ctremii' 
aeriptusi,  a  serjiiginous  [lapular  cniption  ocearring  ujwn  the  skin  i4  the 
ehf«t  and  interscapular  or  lumbar  regions^  and  L.  margiruituii,  com* 
mencing  us  minute  red  [Kiints  in  jiatches^  6«imewhat  scaly  on  the 
•uriaee  and  of  a  circular  shape.  The  circle  may  lie  iRcompIete^  to 
tliat  the  pau:h  preeenta  a  horae^oe  character,  and  occasionally  the 
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circles  meet  and  run  together.  The  spreading  in  circles  and  the 
furfuraceous  desquamation  are  the  two  distinctive  points  whereby  it 
may  be  recognised. 

Lichen  ruber. — There  are  two  recognised  varieties  of  this,  the 
one  where  the  papules  are  pointed  (L.  ruber  acuminatus),  and  the 
other  where  they  are  flat  (L.  ruber  planus). 

In  the  former  the  papules  are  about  the  size  of  a  pin's  head  or 
millet  seed,  hard,  red,  and  conical,  and  their  summit  is  covered  with  a 
scale  of  epidermis.  The  eruption  may  cover  the  entire  body  or  be 
limited  to  certain  regions. 

In  the  latter  the  papules  are  flat  and  of  a  wax-like  glossy  lustre. 

The  hair  follicles  and  the  papillary  layers  seem  to  be  the  chief 
seat  of  the  anatomical  lesions.  These  consist  in  a  proliferation  of  the 
outer  root-sheath  towards  the  deepest  part  of  the  hair,  together  with 
cellular  infiltration  of  the  papillae,  and  proliferation  of  the  rete 
Malpighii  covering  them.  In  the  flat  variety  many  of  the  papillae 
seem  to  have  suflered  atrophy.  The  epidermis  is  forced  up  by  the 
cellular  accumulation  which  underlies  the  rete  mucosum,  but  the 
horny  layer  is  only  slightly  thickened,  except  in  the  centre  of  a 
papule,  where  it  forms  a  sort  of  conical  plug  fitting  into  a  depression 
of  the  rete.  Its  apex  corresponds  with  the  orifice  of  a  sweat  duct 
(Crocker,  No.  617,  p.  218). 

Lichen  scrofulosus. — The  papules  in  this  form  are  inflammatory 
and  of  a  red  colour.  There  is  an  unusually  great  tendency  to  scaliness, 
and  the  disease  is  met  with  mostly  in  scrofulous  subjects. 

Lichen  pilaris. — In  this  there  is  a  spine-like  elongation  of  each 
papilla,  imparting  to  the  hand  a  peculiar  roughness  when  passed  over 
the  surface.  This  spine -like  body  consists  of  a  hair  follicle  from 
which  projects,  it  may  be,  an  abortive  hair  whose  base  is  siu-rounded 
by  accumidated  epidermis.  The  spine-like  aspect  is  due  to  epidermic 
accretion. 

It  may  just  further  be  added  that  nothing  is  known  of  the  cause 
of  lichen  in  any  of  its  forms. 


Prurigo  (prurircy  to  itch). 

1073.  This  is  a  disease  characterised  by  crops  of  isolated  chronically- 
inflamed  papules.  They  are  slightly  raised,  and  more  abundant  on  the 
extensor  surfaces  of  the  limbs  than  elsewhere.  There  is  no  recognised 
pathology  of  the  disease.  The  papules,  when  examined  microscopically, 
are  seen  to  be  simply  papillae  infiltrated  with  liquid  and  a  few  in- 
flammatory cells.  In  older-standing  cases  there  is  said  to  be  a  fibrous 
thickening  of  the  corium  itself.  The  hair  follicles  may  be  distended 
with  accumulated  epidermis,  and  the  sweat  ducts  filled  with  epithelium. 
In  more  chronic  cases,  however,  these  structures  are  surrounded  and 
compressed  by  the  sclerosed  derma. 


N   nt  LC  (Or.  B.  8yiit>  4  tt.) 

r  ikodate ;  (^t  &•»  ti)  Mettou  of  blood -voMk ;  (<•>  eptlhrUyni  wtth  homof 
nolliiieniii  bodies  towird*  eeiitn  of  llw  tumour* 


wide  spMei  between,  filled  during  life  with  lyiiipliy  liquid  utid  fihrri' i 
blaats.  It  dometiiues  undergoes  retrognule  moUunorphosif^  whf;reb]r| 
itM  substance  Bhrinkn  and  vanisbes^  leH\  itig  a  lociee  sac  of  8 kin  behind,  f 
Those  which  are  a^dematous  lose  a  greiit  ]3art  of  their  bulk 
excised,  owing  to  the  liquid  draining  off.  The  disease  i^  one  prev»lenl^ 
in  tropical  or  subtropical  climat<^s.  It  is  a  com)mmtivcly  rare  <" 
in  Europe. 

Tlib  moUuscum  fibrosum  must  not  be  mistaken  for  moUuscum 
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contag^iosutn,  as  the  two  diseases  are  seemingly  unconnected,  although 
the  generic  name  is  still  retained  for  them  both. 

M.  contagiosum  appears  to  be  a  disease  of  the  sebaceous  glands, 
characterised  by  their  becoming  filled  with  epithelium  and  secretion, 
and  so  converted  into  tumour-like  masses  about  the  size  of  a  lentil  or 
larger.  They  occur  in  great  numbers,  and  chiefly  upon  the  skin  of  the 
face  and  trunk.  Their  surface  has  a  peculiarly  pearl-like  transparent 
aspect ;  the  centre  of  the  nodule  is  depressed ;  and  very  often  there  is 
a  minute  opening  in  the  centre  communicating  with  the  interior  of  the 
^land.  From  this  opening  a  milky  fluid  or  firmer  wax-like  substance 
can  be  squeezed  out. 

On  microscopic  examination  the  structure  of  the  tumour  is  character- 
istic (Fig.  534).     It  has  a  somewhat  adenomatous  appearance,  being 
subdivided    into    lobules    and    loculi    by 
fibrous   septa.      The   loculi   are   lined  by 
cubical  or  cylindrical  epithelium  and  the 
cavity  of   each  is    filled   with   loose   epi- 
thelium, oil  globules,  and  fat  crystals,  amidst 
which  are  the  peculiar  structures  known 
as  molluscutn  bodies,  upon  whose  pre- 
sence the  reputed  contagiosity  of  molluscum 
is  founded.     They  consist  (Figs.  534  and 
535)  of  what  look  like  large  oval-shaped,      j.,^  sss.-molluscum  bodie8. 
degenerated  epithelial  cells,  the  protoplasm 

of  which  has  assumed  a  hyaline  or  keratode-like  aspect.  Around 
them  is  a  mantle  or  loose  investment  evidently  more  fibrous  in  struc- 
tiu'e  than  the  rest  of  the  body.  They  have  been  supposed  to  be 
parasitical  in  their  nature,  fashioned  like  gregarinidse,  and  allied  to 
psorosperms.  Nothing  has  ever  been  conclusively  demonstrated  experi- 
mentally, to  show  that  they  constitute  the  elements  of  contagion. 
Indeed  that  the  disease  has  contagious  properties  is  denied  by  many, 
although  there  are  alleged  instances  where,  for  instance,  a  suckling 
child  has  apparently  been  infected  by  the  face  of  the  mother,  and 
where  the  child  again  has  infected  the  breast. 

It  is  generally  supposed,  as  above  described,  that  the  disease  takes 
origin  within  a  sebaceous  gland,  yet  it  shoidd  be  mentioned  that 
Virchow,  Boeck,  Lukomsky,  Thin,  Crocker,  and  others  trace  it  to  the 
rete  Malpighii  and  primarily  to  a  hair  follicle. 


Scleroderma  (o-kAt/pos,  fiardy  and  Sc/o/io,  the  skin), 

1075.  By  this  is  understood  a  state  of  the  skin  in  which  it  becomes 
indurated  or  leather-like  and  rigid.  There  are  two  main  forms  of  the 
disease,  namely,  the  diifuse  symmetrical  form  and  the  circumscribed 
unsymmetrical  form  or  morphcea. 

The  former  of  these  is  a  rare  disease,  and  occurs  chiefly  upon  the 


^92 


DISEASES  OF  THE  SKIN 


PAS?  m 


cbe^t,  Tht^  skin  (eeh  hanl  uiul  cannot  be  readily  pinched  up^  owing 
to  its  rigidity.  It  is  not  jts  a  rule  pigmented,  nor  are  there  any  pink 
and  white  patches  (^famieHon). 

In  the  latter  the  likin  presents  an  old -ivory -like  coloar,  and  is 
thickened  m  before.  It  n<!t'urs  in  oval-shaped  pfitehesi,  oftt^n  in  the 
cnurBe  of  a  nerve.  The  lilaiirhed  patch  of  skin  may  he  surrounded 
by  a  violaeeotis  or  lilac  areola. 

According  to  Crocker  (No.  617,  p.  315),  the  changes  in  the  difftiBe 
form  are  almost  confined  to  thtj  coriuni  and  subjacent  tissues.  The 
blood-vesHL'ls  are  surrourukMl  by  a  dense  sheath  of  cells  irho^c  origin 
is  unknown.  These  changes  aro  proHniinary  to  what  is  the  essential 
lesifin  of  the  skin,  namely,  an  incnasc  in  the  connective  tissite  of  this 
curium. 

In  the  circumscribed  form^  the  pipilla?  are  b^ss  prominent  tbsil 
usual  The  other  features  are  essentially  alike  with  the  foregoing ;  IIm 
sclerous  tissue  svurounds  the  sebaceous  and  swcjit  ducta  more  pftltictt* 
larlv.     Thrombi  are  also  found  in  the  vessels. 


I 


Keuud  {aifkU^  *f  sf^iin  or  gpot ;  ciBos,  likettt^), 

1076.  This  may  also  )k?  reckoned  as  one  of  the  sclerous  cunditi^ 
of  the  skin.  There  are  two  varieties — (1)  une  in  which  the  keloid 
psitch  occiu's  s[Kuitane(ML^1y,  and  (2)  one  in  which  it  estjiblishes  itself 
in  the  centre  of  a  cicatrix  and  spreads  out  tberefroui. 

The  spontaneous  variety  arises  without  any  apfmn>nt  cmu^ 
and  iA  locat<.*d  unUMlly  on  the  hkln  of  the  breast  It  is  said  timt  tha 
pressure  of  the  coV'mIm  in  women,  or  similar  friction  in  men,  such  w 
that  of  leaning  against  a  desk,  is  the  determining  aiuse  of  it«  appearing 
in  this  situation.  Tuberous  or  discoidal  growths  show  tfaem«elTe«  in 
the  c«>rium  l)eni*ath  the  papillary  layer^  w^hich  on  microscopic  eicitXDioii* 
tion  appear  to  be  composed  simply  of  coarse  fibrous  tissue  or  of  young 
cicatrix  elements  according  to  the  age  of  the  growth.  The  wbok 
ap[M>aran«  e  of  the  (>ateh  is  that  of  a  somewhat  ele\iited  cicatrix. 

The  cicatricial  variety  takes  origin  in  the  cicatrices  from  woiind% 
thr«*c  of  syphilis,  etc.,  and  arit^ing  in  the  eontre,  apreadi  rapidly  OQ^ 
wan  Is,  so  as  eventually  to  surpass  the  original  cicatrix  in  dimcnsiona* 
A  cicatrix  so  small  as  a  leech-bite  may  serve  as  the  nucleus  from  whieli 
it  grow*. 

The  formation  of  cicatrix  commences  around  the  blood -veaaelft^  aiid^ 
in  the  idiopithic  variety,  leaves  the  papills  still  visible ;  in  the  cicatricial 
form  ihciKS  vanish. 
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1077.   Many  different  overgrowths  of  skin  and  sulicutaneousi 
ue  often  go  by  the  name  of  EtophantiaMs.     The  name,  prO{: 
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speaking,  however,  should  be  limited  to  the  affection  of  the  leg  in 
which  the  parts  become  so  thickened  that  the  foot  is  almost  hidden, 
and  hence  comes  to  resemble  the  limb  of  an  elephant. 

True  elephantiasis  is  sometimes  known  as  K  Arabum,  from  hav- 
ing been  originally  described  by  the  Arabian  writers.  R  Gr»corum 
seems  to  have  been  a  disease  allied  to,  if  not  identical  with,  leprosy. 
It  was  at  least  an  endemic  and  constitutional  disease,  characterised 
by  the  presence  of  tuberose  infiltrations  of  the  skin  subject  to  ulcera- 
tion. 

The  term  at  the  present  day  refers  to  an  hypertrophic  condi- 
tion of  the  skin,  but  more  particularly  of  the  subcutaneous,  areolar, 
and  other  fibrous  tissues,  enlargement  of  the  neighbouring  lymph- 
attics,  and  in  the  endemic  varieties,  by  the  presence  of  the  blood 
parasite,  the  filaria  sanguinis  hominis,  in  the  blood  and  eiephantoid 
tissues. 

It  occurs  endemically  both  in  tropical  and  subtropical  climates,  and 
sporadically  in  this  and  other  European  countries. 

Elephantiasis  of  the  Leg. — The  commencement  of  the  disease 
in  this  region  is  characterised  by  an  attack  of  an  erythematous  or 
erysipelatous  nature,  which  after  passing  off  leaves  a  certain  amount 
of  oedematous  swelling.  This  first  attack  is  succeeded  by  others,  which 
^Iso  pass  off  but  leave  an  increasing  degree  of  swelling,  which  now  is 
^^companied  by  fibrous  induration.  The  fibrous  excess  induces  great 
t^hickening  of  the  parts,  which  becomes  permanent  During  the  time 
of  the  inflammatory  exacerbations  the  indi\'idual  suffers  from  high 
tereVj  and  other  signs  of  a  general  disturbance  of  the  functions  of  the 
l>ody. 

The  skin  of  the  leg  from  the  knee  downwards  becomes  stretched, 
t;«nse,  and  it  may  be  smooth,  but  sometimes  it  presents  tuberose 
projections,  or  huge  welts  of  skin  may  overlap  the  foot  and  partly 
oonceal  it. 

An  eczematous  efflorescence  also  shows  on  the  altered  parts,  from 
^vrhich  a  copious  watery  discharge  is  given  off.     Sometimes  it  happens 
t.hat  a  crack  or  fissure  forms  on  the  surface  from  which  lymph  is  given  off 
iji  abundance — a  veritable  lymph-fistula.     The  part  may  pit  on  pressure, 
l>ut  as  a  rule  is  much  harder  than  one  which  is  merely  oedematous. 
Cut  into,  there  is  seen  to  be  great  thickening  of  the  areolar  tissue, 
extending  down   to   the   fibrous   septa  between   the   muscles.     The 
^touscles  themselves  are  more   or  less  atrophied,  probably   from  the 
pressure  of  the  surrounding  fibrous  parts.     The  bones  of  the  limb  are 
^Iso  altered.     They  are  sclerous  in  parts,  necrosed  in  others,  and  from 
them  excrescences  like  those  following  periosteitis  may  be  found  pro- 
jecting into  neighbouring  tissues.     The  corium,  although  altered,  is  not 
so  much  thickened  as  subjacent  parts.     The  hair  follicles  and  glands 
are  widely  separated,  and  lie  apparently  more  deeply  embedded  than 
normally.     The  veins  are  abundant,  some  of  them  large,  others  reduced 
in  size.     They  are  filled  with  thrombi,  and  are  in  process  of  fibrous 
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obliteration  (Hebra,  No.  616,  iii,  p.  1 42 ).  The  lymphatics  leading  up  U> 
the  papillte  from  the  8ubtnitaiieoiis  fat  tissue  are  swollen  and  readily 
recognisable  on  microscopic  examination.  L'trge  cyist-like  cavitir*  mre 
seen  here  and  there,  presumably  distended  lymph  vessels;  and  within 
the  areolae  of  the  new-form od  fibrous  l>ii,sis  of  the  overgrowth  i»  a  new 
formation  of  gelatinous  and  apparently  myxomatous  tissue  in  which 
are  my xoma-like  cellfi.  Some  authors  say  the  fat  is  increa^Hl  in 
fubcutaneoua  parta.  This,  however,  is  ipicstiouable ;  the  new  formatioii 
seem^  to  he  more  purely  tibrous.  The  |>oi>litoul  and  ini;uinal  lymph- 
glands  are  eftlarf^ed,  anil  the  lymph-vesHels  in  the  groin  out  bo  M& 
as  knotted  corddike  structures  lieneath  the  skin. 

Elephantiasis  of  the  Genitals. — The  scrotum,  [wnis,  Uliia, 
and  clitijiis  are  ull  subject  to  growths  which  are  generally  held  lo  be 
of  a  nature  alike  with  that  just  described.  Truly  enormous  tumourm 
from  any  of  these  sites.  That  of  the  scroturaf  known  as 
JiantinMS  or  Ifmpk^croiumf  grows  to  such  a  size  that  it 
Hiterferea  seriously  with  locomotion.  It  entirely  envelope  the  peniii 
whose  skin  becomes  inverted  and  transformed  into  n  spuriotis  macona 
membrane,  while  a  rut-like  clmnnel  in  the  tumour  conveyii  the  urine 
away  from  thia 

The  skin  of  the  scrotum^  although  thickened,  is  not  the  part  where 
the  increase  in  bulk  has  chiefly  taken  place.  It  is  the  areolar  tittae 
below  which  is  chiefly  U>  KLime.  This  is  peculiarly  opened  oat»  and 
ile  apac4!s  are  loaded  with  tluid  which  runs  out  copiously  when 
the  part  is  incised.  Lymph  indeed  may  esea|K3  from  the  surface 
during  life,  so  that  a  condition  of  lymphorrhoea  may  be  set  u|x 
The  skin  is  often  brown  pigmented.  Sloughs  may  form  on  the 
surface. 

The  discaiief  unlike  that  of  the  leg,  is  rjot  initiated  and  accomfianied 
by  successive  attacks  of  erysipelas.  It  begins,  on  the  contniry,  in  a 
circumscribed  h&vd  mtiss  within  the  scrotal  tissuca,  which  subsequently 
spreads  and  invades  adjacent  part^. 

Elephantiasis  telang^eiectodes  or  lymphangeiectodes. — 
Tbia  ia  a  congeniud  ele|ihantine  disoiise,  apparently  flue  in  juart  to  die- 
taoaioil  of  the  lymphatic  vessels,  and  itsually  aD'ecting  ono  limb  It 
is  well  developed  at  the  time  of  birth,  but  the  swelling  may  incmaa 
subsequently. 

Elephantiasis  nasL — A  tuberose  elephantoid  enlargement  of 
the  tip  of  the  nose  is  sometimes  met  with.  The  tumour  rotilltlllg 
therefrom  may  come  up  to  a  hen's  egg  in  bidk  and  produce  a  liidaOQa 
deformity.  The  skin  is  peculiarly  rough  and  no<lulatc<l,  and  enlarged 
sebaceous  glands  may  sometimes  be  seen  projecting  from  it  Cuno<ujiljri 
few  deacriptions  of  this  deformity  exist  in  our  texulMKiks  of  cutanooui 
diaeaaas  or  of  {)athotog)\  In  surgical  works  it  is  itsually  called  *^a 
lipoDia."  This,  however,  ia  a  misnomer,  seeing  that  the  new  gitnrtb 
if  unusually  |io<n'  in  Cat  tissue,  and  that  the  tumour  is  certainly  not  dtte 
to  an  accumulation  of  this. 
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The  tuberous  mass  is  composed  of  dense  fibrous  tissue  with  com- 
paratively few  blood-vessels  in  it,  and  is  quite  devoid  of  anything 
like  the  structure  of  a  lipoma.  Sections  of  sebaceous  glands  distended 
with  thickened  secretion  are  seen  lying  near  the  surface.  The  appear- 
ance presented  by  the  tumour  mass  in  all  respects  corresponds  to  that 
of  an  elephantiasis  of  old  standing  in  other  parts  of  the  body. 


Rhinoscleroma. 

1078.  Rhinoscleroma  is  characterised  by  massive  thickening,  and 
induration  of  the  mucous  membrane  of  the  nares,  nasal  septum,  and  it 
may  be  of  the  lips.  In  some  instances  the  thickening  may  extend  to 
the  mucosa  of  the  pharynx  and  larynx.  The  tumefaction  commences 
in  the  nose  in  the  form  of  hard  red  or  grayish-pink  nodular  masses 
^which  are  painful  on  pressure.  The  neighbouring  parts  are  swollen 
and  the  nose  is  tumefied.  The  glottis  may  become  stenosed.  The 
disease  spreads  slowly,  a  patch  of  from  4  to  5  centimetres'  breadth 
continuing  to  grow  for  a  matter  of  fifteen  to  twenty  years.  In  its 
clinical  features  it  has  a  certain  resemblance  to  lupus.  In  this  country 
the  disease  is  very  rare,  but  it  is  commoner  in  Italy  and  Austria,  and 
occurs  sporadically  in  some  parts  of  Germany. 

The  malady  is  caused  apparently  by  a  short  thick  bacillus,  rarely 
longer  than  3  /x,  and  usually  two  to  three  times  as  long  as  broad. 
It  may,  however,  attain  to  7  /a  in  length.  It  has  been  described  by 
Chiari  and  others,  and  more  especially  by  Cornil  and  Alvarez  (No.  4, 
vi.  1885,  p.  11;  also,  Alvarez,  ibid.  viii.  1886,  pp.  196  and  207). 
According  to  Alvarez  the  rods  are  difficult  to  stain,  and  can  be  coloured 
best  by  a  strong  methyl-violet  B  or  violet  6B  solution.  They  are  left 
in  it  for  twenty-four  hours.  The  solution  may  be  made  with  or  without 
aniline  water.  The  rods  are  enclosed  in  a  capsule,  sometimes  several 
in  one  capsule,  as  in  the  case  of  Friedlander's  pneumo-bacillus.  Their 
ends  are  rounded,  and  they  are  often  associated  in  pairs.  Within  the 
fibrous  meshes  of  the  tumour  there  are  numerous  large  hyaline  cells, 
and  the  bacilli  above  described  are  often  seen  lying  in  their  substance. 
At  other  times,  however,  they  lie  quite  free  in  the  interstices  of  the 
tissue  or  in  the  lymph-vessels.  When  stained  as  above  described, 
three  or  more  coloured  grains  may  be  seen  in  their  interior. 

The  surface  growth  on  gelatine  has  the  same  nail-like  character  as 
Friedlander's  capsule  bacillus.  The  organism  is  aerobic,  non-motile, 
and  does  not  liquefy  the  gelatine.  On  potato  the  line  of  inoculation 
is  marked  by  a  cream-yellow  streak  in  which  gas  bubbles  may  have 
developed.  When  stained  with  a  basic  aniline  dye  the  rod  of  rhino- 
scleroma is  not  decolorised  by  Gram's  method,  while  Friedlander's 
bacillus  is.  In  other  respects,  however,  it  resembles  Friedlander's 
organism  so  much  that  some  bacteriologists  are  not  satisfied  of  its 
being  a  distinct  species. 
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Liin  s  (see  voL  i.  p.  437). 


Lkprosy  (Afir/wv,  seal^}, 

i^fik — Lepra,  Elephairitiafiis  Oneconim,  or  Leoiitiiisis. 
1079.  Varieties, — Three  forms  of  the  disease  are  genomlly 
eogmaed,  namely — 

(1)  The  tuljerculat>e<l  (L.  nodosa). 

(2)  Tlie  ana'sthetic  (L,  nervosa), 

(3)  The  mixed. 

Although  there  is  a  tendency  for  the  tii-st  and  secoiwi  of  theso  lo 
coaleBce,  yet  many  cases  run  their  entire  course  restricted  to  the  one 
or  the  other  type. 

Distribution* — At  the  present  day  the  only  part  of  Europe  where 
it  is  eommoii  is  Norway,  but  sjHinidic  cused  occur  from  time  to  lime 
even  in  this  country.  In  Scotland  it  seems  to  have  been  a  common 
disease  centiu'ies  ago.  The  village  of  Liberton^  near  Edinburgh,  m 
supposed  to  take  ita  name  from  the.  leper  house  which  stood  in  Uui 
locality.  It  occurs  in  leehmd,  the  Hussian  coast  of  the  Baltic  and 
Gulf  of  Finland,  in  Portugal,  Sjwiin,  Italy.  Turkey,  (jreece»  FUofti]]«» 
and  many  of  the  Meditermnean  islands.  It  is  met  with  almost  aM  round 
the  coast  of  Africa,  in  Arabia,  Persia,  Chitia»  Japan,  and  British 
Guiana.  It  is  rare  in  the  Unite4  States  and  in  Aui^tralia,  It  is  said 
to  prevail  in  districts  where  fish,  and  more  jwirticukrly  putrid  fiih, 
forms  a  staple  article  of  iliet. 

The  Tuberculated  Form.— The  disease  manifesu  itself  out- 
wardly as  an  erythematous  patch,  having  at  tirst^  it  may  be,  a  men$ 
blush  of  redne88f  but  assuming  more  of  a  red  or  bluish  colour  hOcr 
OB.  The  |xttch  soon  lu'^omes  infiltrated,  and  the  infiltraticm  ta 
aooompaniod  by  tenderness  or  almolute  pain  of  a  burning  chanieiar. 
The  intiltmtion  goes  on  incre;ising  while  the  colour  may  hde^  and, 
roincidf?nt  with  their  fading,  the  itifiltmted  [mtehes  liecome  tuborculated 
— that  is  to  siiy,  nijKlules  form  ott  their  surfaces.  The«e  >*ary  in  mm 
from  a  millet  seed  to  a  pea  or  hens  egg,  and  they  may  ajipiimr  in 
successive  crops. 

The  primary  seat  of  the  eruption  is  usually  the  head  and  fac<^  and 
moat  frequently  it  shows  first  on  the  cheeks,  temples,  or  foreliaid. 
The  swelhng  of  these  [larts  gives  rise  t^»  a  liondike  cast  of  featstrtia 
SometitEeii  the  locality  first  invmled  in  that  of  the  anterior  aapact  fif 
the  forearms  or  the  thighs.  The  tulx^reuhited  masses  grow  lai|[«r, 
while  the  skin  becomes  dry  and  cracks.  The  luiils  fall  olf^  the  hair 
may  be  shed.  Ulceration  ensues  kter  on,  leaving  an  intimclaUt 
wound. 
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The  progress  of  the  diseiise  is  very  slow,  and  it  roaches  its  climax 
in  from  eight  to  nine  years.  The  ai^ected  individual  d'ws  exhausted 
or  from  some  complication  such  as  tul>ereular  (lepric  ?)  disease  of  the 
lungs, 

Tlie  state  of  the  internal  org^ans  varies.  The  liver  may  he 
eiiL'irged,  and,  if  infected  with  the  lepra  hacillus,  \^ill  verj  likely  V>e 
found  in  a  state  of  dift'uso  interstitial  cirrhosis.  The  spleen  is  also 
enlarged,  and  it  is  said  {Del^pine)  to  be  likewise  cirrhotii!.  The 
lymphatic  ganglia  of  particular  regions^  such  as  the  ^►end  of  the  ell>ow, 
are  swollen.  The  state  of  the  lungs  ia  of  great  importance  from  an 
etiological  {K>int  of  view.  The  notion  entertained  of  the  disease  of 
late  yeiirs  is  that  it  is  a  variety  of  tuljcrculosis.  And  certainly  the 
state  of  the  lungs  would  tend  to  favour  that  theory  of  the  disease. 
The  percentage  of  deaths  fmm  what  is  called  pulmonary  phthisis  in 
the  disease  is  registered  variously  at  from  11  to  37  per  cent.  There 
does  not  seem  t€  be  much  difference  in  the  appearance  of  the  lung 
as  comfKired  with  that  of  ordinary  tubercular  pneumonia.  According 
to  I>elepine  (No,  192,  xlii.  1801,  p.  'S86)  the  lesions  are  esaentially 
those  of  cheesy  bronchopneumonia,  combined  with  interstitial  thicken- 
ing, but  without  tlie  occurrence  of  miliary  tuliercles. 

The  Anaesthetic  Form* — This  is  characterised  by  the  lepra 
infiltration  ruiming  along  the  nerve  trunks.  Patches  resembling  those 
of  the  initiatory  sUige  in  the  tuberculated  variety  show  themselves 
most  often  on  the  back,  shoidders,  arms,  thighs,  around  the  knees,  and 
on  the  face.  They  are  not  aniesthetic  at  first ;  their  appearance,  in 
fact,  may  be  accompaiued  by  a  sensation  of  pricking  pain.  The  diseased 
condition  of  the  skin  often  follows  the  course  of  a  nerve,  the  musculo- 
spiral  more  fre<]uently  than  any  other  (HiUis). 

Evidence  of  the  nerves  le^iding  to  the  jmrt  being  early  implicated 
h  to  hand  in  the  fact  that  the  individual  begins  to  lose  tactile 
sensibility.  It  is  said  that  the  nerves  are  the  primary  scat  of  the 
disefise. 

The  patches  on  the  skin  next  begin  to  tissume  a  serpiginous 
character,  and  so  anaesthetic  does  the  jmrt  become  that  it  is  often  biu*nt 
accidentally.  Ulceration  sets  in  ;  it  commences  fre(iiiently  on  the 
«ole  of  the  foot  (Hilli**),  apparently  from  a  small  wound  or  a  hum. 
The  muscles  atrophy,  and  prnbaljly  by  the  end  of  seven  or  eight  years 
several  of  the  fingers,  or  it  may  }>e  an  entire  hand  uv  foot,  has  sloughed 
off.     The  Ixmes  die  and  are  ejecteiL 

The  nerves  leading  to  the  aftected  parts  are  swollen  not  uniformly 
but  at  intervals.  The  swelling  is  caused  by  a  leprous  infiltration  of 
the  fibrous  sepbi  of  the  nerve.  The  lesion  seems  Uf  he  a  chronic 
interstitial  neurit is»  and  indeed  this  interstitial  character  of  the  new 
furmation  appears  to  be  one  which  is  common  to  most  of  the  afl'ectod 
organs*  Even  in  ttiberculated  leprosy  swellings  due  to  the  above  cau&e 
will  be  found  on  the  nerves  of  the  extremities. 

The    Mixed    Form, — The    signs   and    symptoms  of    the    two 
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The  Lepra  Bacillus,— This  w:ib  discovered  as  early  as  the  ymt 
lt<74,  by  Mariaen  (Xo,  C:^8,  Heft  ix.),  in  the  large  cells  of  the  tiunoixr 
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masses.  Even  at  that  early  tlate  he  considered  it  to  be  the  cause 
of  the  disGitse.  Later  on,  it  wn^  more  fnllv  dei^crihed  hv  him  (see 
Bihlio;jf.).  Both  Hansen  ami  Neisser  (No.  13,  Lxxxiv.  1881,  p.  514) 
afterwards  drew  attenti<in  to  the  occurrence  oi  this^  bacillus  in  the 
new  formations  of  the  «kiu,  mucosa  of  the  month,  palate  and  larynx, 
interstitial  tissne  of  peripheral  nerves,  the  cornea,  in  cartilage,  in  the 
testicle,  lymph-glands,  sj)Ieen,  liver,  et(\  They  both  failed  U>  find 
it     ill      fresh  I  y  -  d  ra  w  n     bl  f  k  h1  , 


I 
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but  Kobner  (No,  13,  Ixxxviii. 
bHS'i,  p.  302)  was  successful  in 
doing  so. 

Since  then  the  examination 
of  the  affected  [mrts  by  various 
ol>8ervers  (see  Bibliog,)has  fully 
established  the  fact  that  a 
f5[jecifie  baeibns  is  widely  dis- 
seminated throughout  the  whole 
body,  even  in  fi^irts  like  Ivone 
ma  now  ( Del  ej  >i  ne,  No-  1 9  2 ,  x  1  i  i . 
1890-91,  p.  38(j),  in  which, 
beyond  a  little  infiammatory 
redness,  no  maeroscopic  change 
is  perceptible.  Hnge  tlirondais- 
like  masses  of  this  bacillus 
are  to  be  seen  blocking  the 
channels  of  the  lilootl- vessels 
of  some  parts.  They  are  abun- 
dant in  the  jwrtal  branches  of 

the  1 1 Ver.  it  Hhi^WK  tb*^  T«rt  X^a^X  with  tJiP  Iwpra  JiHcillus,  n  Urgw 

The  bacillus    however    in-   proportion  or  the  ii«€iiuwf(ij4CJ08itiiu»e«niiti:iH«o-caUed 

J £ f'l  :     *    i    _      lepra  ccn«  (Ehrlich  dmihUj  ntftitu    ZeU»  U.  B.  8X 

duces  a  itjrm  of  chrome  mnam-     * 

mation  of  most  tissues  in  which  it  has  taken  up  its  residence,  followed 
by  small -eel  I  infiltration  and  fibrous  overgniwth,  and  it  is  these  two 
elements  which  constitute  the  basis  of  the  lepra  de|HJsits.  Within 
the  infiltrated  |Kirts  ^unje  mmuUUtl  cells,  from  the  size  of  a  pus  corpuscle 
Uj  five  times  this  size,  and  with  several  vesicular  nuclei,  are  to  be  seen. 
They  were  descnbeil  long  ago  by  Yirehow  (No.  35,  ii.).  The  bacilli, 
as  pointed  out  by  Noisser  (No.  13,  Ijtxxiv,  1881,  p.  517),  fill  their 
protoplasm  indiscriminately,  or  what  is  commoner,  arc  gathered  together 
\nthin  it  in  little  groujis,  in  which  the  individual  bacilli  are  placed 
parallel  to  each  other  Animig  the  bacilli  shorter  bodies  are  always 
seen,  together  with  grarnilar  jmrticles.  (riJiui  a^tla  with  many  nuclei  in 
their  interior  are  found  here  and  there.  They  resemble  those  of 
tubercle,  but  are  not  so  numerous.  They  may  be  filled  with  the 
bacilli,  and  where  they  are  aggregated  the  jwirt  lends  to  caseate  and 
ulcerate. 

SjM!riJir.  Clutrariers, — Aecording  to   Hansen    the    bacilli   are    from 


,  ..  M  .     ........      ^^^►L-L£  IX  Fat  TmiiUE  at  homr 
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5  ;a  to  6  /i  long  by  1   ;x  brocul,  but  mea^nrements  hy  various  atit 
Arc  not  ull  iiliki%  showirig  thfit  there  is  con  sic  I  era  I4e  Huctuatioii  in 
proportions.     They  lesonihb^  tubercle  kicilli  stj  closely  that   by  man; 
they  have  been  regnnled  as  iclenticul.      They  stjiin  fw  tubercle  Ixicill 
stain,  but  are  leas  curved  and  arc  more  pointiHl  at  the  riids,      Whei 
stained  with  ii  Iwisic  uudine  dye  they  ure  not  decolorised  by  Gnun'i 
tnethoci     They  are  not  only  coutuined  iu  the  large  cells  alx>ve  rrft 
to,  but  are  often  found  lying  free.     Those  which  are  coiitjtiiied  in  celb 
ure    less    ejiftily  ilecoioriHcd    than    those   which    ai*©   not.       They   are 
gi^riendly  held  to  W"  immobile,  but  there  id  a  conflict  of  opinion  on 
the  subject 

AVithin  the  infiltnited  patches  of  skin  the  liacilli  (Fig.  530)  hrt 
very   muiierous.      They  are  conudued  in  the  same  brgc  cvlU  iU  in 
other  piU't^f  and  geeni  to  spread   front  the  deep   |iartii  of  thr  dcrmii 
towards  the  surface.     The  spherical  massci*  formed  by  these  infill 
lar^o  cells  h>ok  very  like  the  gciant  cells  infiltrated  with  tubercle 
found  in  pulmonury  tul»erculnsift  of  the  horse  (Fij;.  287).     While  th' 
fixed  cells  take  up  the  bacillus  [)lenteciufily,  it  Hp|>ears  to  be  eijuail; 
tnie  that  cells  with  nonm<lic  tendencies  fail  to  do  so, 

T/it'  hftfiphftmof  the  shin  are  full  uf  the  bacillus,  so  much  so  that 
so-adleil  *'  lepra  cells  **  have  been  allej.;ed  to  Im*  cross-secttons  of  th€l 

Thr  lufHit)  sipieezed  out  from  the  nAidules  i»  aku  lai  i 
with  the  charactenstic  organism.  The  walls  of  the 
the  nmlules  are  seldom  free  from  it.  Small  de|josit«  aie  contains 
In  tho  nuiscularis  and  intinia,  and  from  this  source  the  lutd 
gains  aece^"^  to  the  blorxL  It  is  to  lie  presumed  that  it  multiplim 
within  the  liody  chiefly  by  fission,  but  Neisscr  asscrta  that  it  alto 
incrciises  by  q>oring. 

The  athimium  of  the  iMtrillius^  unlike  that  of  tubercle,  has  till  now 
proveil  a  matter  of  the  greatest  difticulty.  In  fact  it  may  be 
ipiestione*!  whether  its  cultivation  in  eitiv  has  ever  yet  been  aoconi* 
pllRtu^tl.  [take,  for  instance  (No.  43,  xxviii.  1891,  p.  25),  after  yeari 
of  dilifteni  endeavour,  utterly  failed  to  grow  it  artificially.  Bunloni* 
t'ffreduz/i  (No.  366,  iii.  1^87^  p.  178)  5np|>osed  that  ho  had  isoho^d 
from  latino  marrow. 

Contag'iosity.— TIte  disettse  is  undoubtedly  contagious.  TTic 
case  of  Father  Dam  ten,  whiJ  died  from  the  disease  whilo  attending 
upon  the  sick  in  the  Molucca  Islands,  and  the  tranafer  expcruncDl 
made  by  Aming  ujmmi  the  condemned  cnmiiial  Klaoii,  whero  ifct 
disease  manifested  itself  thiCHi'  years  after  inoculation  had  lieen  pcr- 
fonned,  have  put  the  question  of  it«  contagiosity  beyond  doubt  On 
account  of  the  long  |KTi»Kl  of  inculuition  the  sotirce  from  which  tha^ 
disease  has  licen  <lerived  i*  often  forgotten. 

Inoculation   experiments  made    by   I^ke  (Xa    43,   xxviiL    18t>l, 
p.   26)  on    indivitluals  already   sufferijig    fmm  lepra  (L.  ai]ie§thetica)< 
have  proved   singidjirly   luiauccessfuL     Of  thirty-four  cases  of 
aniwthotica    inocuUtetl    with    tepradymph   or   pieces  of   &esh    k] 
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tissues,  not  a  single  inoculation  took.     A  nodule  occasionally  formed 
in  the  part  but  gradually  disappeared. 

The  transference  of  the  disease  by  inoculation  to  the  lower  animals 
has  proved  singularly  unsuccessful.     Injections  of  blood,  tissue-lymph 
from  lepra  tumours,  and  deposits  from  leprous  urine,  as  well  as  the 
transplantation  of  fragments  of  lepra  tissue,  at  the  hands  of  various 
experimenters,  have  failed  to  convey  the  disease  to  any  of  the  various 
animals  upon  which  the  experiment  has  been  practised,  even  although 
the  bacilli  may  remain  embedded  in  the  part  and  still  capable  of  being 
stained  from  four  to  seven  months  after  their  introduction.     Indeed 
Damsch    (No.    13,    xcii.    1883,    p.    20)    believes  that  they  actually 
multiply — a  stage  the  nearest  to  inoculation  which  has  been  obtained. 
Question  of  Identity  of  Tuberculosis  and  Leprosy. — This 
is  a  matter  of  the  greatest  interest  and  one  which  is  still  under  debate. 
The  points  of  similarity  between  the  two  diseases  are  certainly  many. 
Thus  the  bacillus  of  lepra  resembles  that  of  tuberculosis  both  morpho- 
logically and  in  respect  of  its  staining  properties.     There  may  be  minor 
points  of  difference,  but  these  are  so  slight  as  to  be  overbalanced  by  those 
of  resemblance.     Then  the  lesions  produced  by  the  organism  have  a 
certain  similarity.     In  both,  the  tissues  react  as  in  a  chronic  inflam- 
mation, with  production  of  much  cicatricial  substance,  giant-cells,  etc. 
And,  lastly,  there  is  the  fact  that  a  large  proportion  of  lepers  die  from 
'what  seems  to  be  ordinary  tubercular  pneumonia,  or  some  other  mani- 
festation of  tubercle  in  the  lung.     We  see  the  tubercle  bacillus  grow 
in  different  parts  of  the  body  under  such  varying  auspices  and  with 
so  varied  a  life -history  that  it  would   not  be  at  all  astonishing  if 
t;his  disease  also  turns  out  to  be  simply  one  of  its  manifestations. 

Treatment  with  tuberculin  has  been  practised  by  Gold- 
schmidt  (No.  43,  xxviii.  1891,  p.  368)  and  others,  but,  so  far  as  the 
conferring  of  any  beneficial  result  is  concerned,  without  positive  result. 
In  many  of  the  cases  under  observation  the  individual  became  so  weak 
t;hat  further  treatment  by  injection  of  tuberculin  had  to  be  suspended. 
In  one  of  Goldschmidt's  cases  the  injection  induced  inflammatory 
x*eaction  in  the  lepra  nodules,  with  some  amount  of  retrogression  of  the 
tissue  infiltration,  but  with  no  permanent  benefit  as  regards  the 
eradication  of  the  disease. 

Literature  on  Leprosi/. — Babes:   Arch,  do  phvsiol.  norm,  et  path.,  1883,  p.  42. 

3oinet  and   Borrel   (Giant-cells):    Compt.  rend.   Soc.  de  biol.,  ii.  1890,  p.  38. 

pantile  :  Leprosy  in  Hong-Kong,  1890.    Damsch  (Transference  to  Animals) :  Arch. 

f*,  path.  Anat,  xcii.  1883,  p.  20.      Del^pine :   Seven tli  International  Congress  for 

hygiene,  1892,  vol.  ii.  Bactenology.      Del^pine  and  Slater :  Trans.  Path.  Soc. 

Xx>nd.,  xlii  1890-91,  p.  386.     Favrat :   Centralbl.  f.  Bakteriol.  u.  Parasitenkrank., 

35.  1891,  p.  119.    Golaschmidt  (Action  of  Tuberculin  Ujwn)  :  Berl.  kliii.  Wochnschr., 

xxviii.  1891,  pp.  28,  868.     Hansen:  Arch.  f.  jmth.  Anat.,  Ixxix.  1880,  p.  32  ;  Ibid., 

xc.  1882,  p.  542  ;  Ibid.,  cxx.  1890,  p.  476  ;  aho,  Edin.  Med.  Journ.,  xxxvi.  1890-91, 

p.  126.     Heidenstam:  Practitioner,  xliv.  1890,  p.  386.     Kanthack  and  Barclay 

(Cultivation  of  Bacillus) :  Arch.  f.  i>ath.  Anat.,  cxxv.  1891,  p.  398  ;  also,  Biit.  Mea. 

Joum.,  1891,  i.  p.  1330.     Kdbner :   Arch.   f.   jiath.  Anat.,  IxxxvHi.  1882,  p.  282. 

Leloir :  Traite  pratique  et  th^orique  de  la  l^pre,  1886.     Neisser :  Arch.  f.  path. 
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Anat.,  Ixxxiv.  1881,  p.  514;  also,  Fortschr.  J.  Med.,  vii.  1889,  p.  816;  o/jd, 
Verhandl.  d.  deut.  dcrniat.  Oesellscli.,  Wien,  1889,  i.  p.  29.  PhilippMm  (Symbiow* 
of  L.  and  Tubercle) :  Arch.  f.  path.  Anat.,  cxxxii.  1893,  p.  629  ;  alto  (Histolof^-, 
Arch.  f.  {jath.  Anat..  cxxxii.  1893,  p.  229.  Rake:  Lancet,  1890,  i.  p.  569 ;  aim, 
Berl.  klin.  Woclinschr.,  xxWii.  1891,  p.  25.  Unna:  Deut.  nied.  Wochnsvhr.,  Ko. 
32,  1885-86;  aim.  Dub.  Journ.  Met!.  So.,  Ixxxix.  1890,  p.  112;  also  (New  Doable 
Stain  for  L.  and  Tubercle  Bacilli),  Monatsch.  f.  prakt.  Dermatol.,  xvi.  1893,  lu  899. 
Vossins:  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  viii.  1890,  p.  852.  Wj 
Lancet,  1890,  i.  p.  14. 


Diseases  of  the  Skix  due  to  Parasitic  Moulds. 

1080.  The  skin  diseases  resulting  from  the  presence  and  ingrowth 
of  vegetable  parasites  are  known  by  the  generic  name  IkrfnaUm^yciae^, 
Most  of  these  vegetable  parasites  belong  to  the  moulds,  and  of  these 
there  are  at  least  three  which  are  distinctly  recognised,  namely, 
Achorion  Sch()nleinii,  the  parasite  of  favus ;  Trichophyton  tonsurans, 
or  that  of  ringn-orm ;  and  Microsporon  furfur,  or  that  of  tinea  versi- 
color. They  all  live  in  the  epidermis.  Some  of  them  extend  down 
the  hair  sheath,  some  of  them  into  the  derma  itself.  None  of  them, 
however,  seem  to  thrive  well  on  tissues  which  are  not  epidermic* 
They  are  all  capable  of  communicating  the  disease  by  contagion.  It 
has  been  asserted  (Fox)  that  the  atmos{)here  may  act  as  the  medium 
of  conveyance.  The  trichophyton  tonsurans  is,  of  the  whole  of  them, 
that  which  is  most  easily  communicable  :  its  contagiosity  is  ^-er^r 
great.  Although  {HTsistent  in  some  cases  and  troublesome  as  local 
atfections,  tliev  do  not  impair  the  general  health  to  such  an  extent  a»> 
to  endanger  life.  So  far  as  known,  they  do  not  spread  to  intemaL 
jKirts. 

Faru.<. 

Sun. —  Tinea  favosa.  Honeycomb  ringworm. 

Th«'  disease  manifests  itself  on  various  jMirts  of  the  Ixxly,  mosth'^ 
where  hair  is  almndant.     Kegions  in  which  hair  is  8{>arse  or  absent,. 
such  as  the  roots  of  the  nails,  are,  however,  not  exempt  from  it      That 
atVecting  the  nails  is  known  as  Onychomycosis  favosa.     The  |>art 
oftenest  atlected  is  the  scalp,  but  patches  alike  with  those  of  the  8<*al|i^ 
may  Ik»  located  on   the   tnuik  or  limbs.      It  affects  young  8ubject»> 
almost  exclusively. 

C'ui>-shaped  crusts  or  scutula  of  a  canary-yellow  colour  form  on  the? 
surface,  tiach  crust  is  ]K*rfonited  by  a  hair,  and  its  margin  is  con- 
sideralily  raised  a)M)ve  the  adjacent  jKirts.  The  crusts  are  placed  in 
such  close  contiguity  that  they  give  the  incrustation  a  honeycomb- 
like ap|)earance. 

KxaniincHl  microscopically,  the  scutuhi  are  found  to  he  composed 
of  <lead  epidermic  cells,  boiunl  together  by  the  mycelial  filaments  and 
sp<»res  of  the  Achorion.     The  Achorion  was  descrilwd  by  Schcinleiii  in 
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the  year  1839.  The  spores  are  abundant  and  of  oval  shape;  the 
mycelium  is  branched  extensively,  and  is,  relatively  to  the  spores,  more 
abundant  towards  the  surface  of  the  scutulum  than  deeper  down. 
The  hair  shaft  and  bulb  and  the  root  sheath  are  filled  with  the  para- 
site, hence  one  difficulty  in  eradicating  it.  The  fungus  penetrates 
perpendicularly  into  the  skin ;  it  passes  through  the  epidermis  into 
the  derma,  which  it  irritates. 


Syik — Tin  to  tonsurans.  Herpes  tonsurans,  Herpes  circinatus,  Tinea 
circinata. 

The  disease  manifests  itself  somewhat  differently,  or  at  any  rate 


FlO.  588.— FUNOUS  FROM   FaVUS— THE  ACHORION  SCUONLEINII. 

Fungus  elements  from  lower  i»rt  of  favus  crust.    Threads  and  gonidia  of  different  calibre  and 
various  form.    To  the  right  a  collection  of  epidennic  scales. 

^bows  certain  peculiarities,  according  as  it  is  situated  on  the  scalp,  the 
l^eard,  or  the  trunk  and  extremities. 

In  the  scalp  the  disease  appears  first  in  the  form  of  circular 
slightly  red  patches  covered  with  scales.     The  circular  character  of  the 
l>atches  is  in  course  of  time  lost.     The  fungus  penetrates  deeply  and 
V>ecomes  more  diff'use.     The  eruption  is  finely  papular  to  begin  with  ; 
it  does  not  usually  become  vesicular  in  the  scalp.       The  growth  of 
liair  is  scanty,  and  more  or  less  baldness  resembling  a  tonsure  follows. 
The  surface  is  covered  with  white,  rough,  dry,  powdery  scales.     The 
parts  underljring  the  scaly  deposit  are  more  or  less  red  and  con- 
gested. 

In  the  case  of  the  beard  (Sycosis  menti),  reddish,  dry,  and 
slightly  scaly  papules  form  around  the  hairs.      The   hairs   become 
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withered  and  may  cruck  ofT,  The  jmpules  grow  longer,  become  more 
infiltrated,  and  from  thom  a  sticky  yellawish  discharge  may  be  thrown 
otil  This  dries  into  cmsts,  which,  wlien  removed,  carry  with  them 
the  frangible  diseased  hair* 

On  other  parts  of  the  body,  and  more  especially  where  the 
hair  has  a  line  lanugo  character,  papules  or  vesicles,  arranged,  it  may 
be,  in  discs  or  circlets,  constitute  the  typical  outward  manifestation  of 
the  presence  of  the  parasite. 

The  Parasite. — The  disease  is  Bnpi>oscd  to  bo  due,  as  aforesaid, 
to  the  trichoiihyton  tonsurans,  a  i^arasitc  discovered  by  Malmsten  in 
1843.  As  in  the  case  of  the  other  mould  parasites,  mycelial  threads 
and  t>ipores  are  the  two  forms  wbich  the  organism  assumes*  The 
older  writers  accepted  the  unity  of  the  organism  in  all  situations. 
It  was  Gruby  who  first  attributed  the  sycosis  menti  to  the  Tricho- 
phyton tousnnms. 

Of  late,  however,  doul>i  has  l>een  thrown  on  this  alleged  uni- 
formity of  the  jmrasite^  although  it  is  acknowledged  that  in  all  cases 
the  features  of  relationship  are  very  close.  Furthmann  and  Xeebe, 
for  instance  (No.  622,  xiii,  1891,  p,  478),  made  out  that  there  were 
in  reality  four  species  of  pimsite. 

According  to  Salwnraud  (No.  423,  \ii.  1893,  p.  497),  in  the  case 
i)f  the  beanl  and  smooth  skin,  the  spores  are  particularly  large — 
larger  thj^n  a  blood  cojpuscle,  and  are  contained  in  filaments  (Fig.  539), 
whereas  in  the  case  of  the  hairy  scalp  of  children  this  largc-s])ore 
variety  of  the  fungus  is  met  with  in  only  one- third  of  the  cases.  In  thia 
remaining  two-thirds  the  parasite  appears  to  bo  of  a  different  siJecies, 
characterised  among  other  featiu^es  by  the  s|>ores  l*eing  smaller  (only 
2-3  /i.  in  diam.).  The  s{)ores  of  the  two  varieties  are  never  mixed  in 
the  same  head.  He  calla  the  one  parasite  Titim  mitKJSpatoa^  the  other 
Tinm  nmjtilmj^oron. 

The  microsporon  induces  a  disease  essentially  of  the  hair,  an*l 
one  which  occurs  in  childhood.  It  appears  to  be  identical  with  the 
l>arasite  of  ordinary  contagious  heri>es  of  the  horse. 

The  mcgalos[>oron  may  take  up  its  stronghold  in  the  hairy  scalp 
of  the  child,  in  the  beard  of  the  adult,  or  in  the  epidermis  of  the 
tnmk  and  limbs.  It  calls  forth  deep-seated  dermatitis  and  suppura- 
tion ;  it  is  pyogenic.  The  invasion  by  the  parasite  of  the  hair-folbcle 
ejccitea  a  folliculitis  or  perifolbciditis.  The  follicular  lesions  are 
capped  hy  a  sharply  circumscribed  crust  or  cake.  The  undorlnng 
derma  is  the  subject  of  a  deep-seated  dermatitis.  The  lesion  is  always 
confounded  at  first  with  a  small  furuncle  or  carbuncle. 

He  l>eHove8  that  it  has  its  natural  habitat  in  the  horse,  llie  hon*c 
suffers  from  a  pustular  disease,  chiefly  of  the  face  and  nose,  a  tlisoa^ 
almost  identical  with  that  in  question  of  Man.  Hence  he  considers 
that  the  name  apjilicablc  to  the  jwirasitc  is  Trichophyton  megalosporon 
pyogenes  e(|ui.  It  prevails  as  a  siiprophyte,  he  belie vee,  and  the  horso 
becomes  infected  from  bedding,  etc. 
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It  grows  best  on  mugt  of  beer  diluted  to  one-fifth  or  one-teoth,  or 
even  pure  and  gelosed,  and  on  fMitalo.  The  t^^mperatiire  best  suited 
for  its  growth  ia  18'  C,  On  gifloscHj  l>eor-iiiiist  a  puncture  inoculaticNi 
grows  in  the  form  of  a  fine  white  downy  tuft^  which,  increoiing  in 
dimensions,  throws  out  rays.  These  give  the  colony  a  stellate  ii|)]iiiu'* 
ance.  By  seven  days  the  entire  suj-fuco  is  covered  with  i&  w1iit« 
jiowclor.  On  peptonised  g^lo»e  the  culture  hiis  no  central  tuft ;  i^ 
fonuH  tiimply  a  plaque  of  white  jxiwder,  whose  mys  are  bhort  and 
only  slightly  arlN^rcscent.  A  linear  inoculation  on  j>otato  spreads  out 
into  ii  inh,  and  hail  the  same  white  |M>wdcry  appeamncc.  It  liquctiM 
gektine. 


\ 


PlTYfUASlS  VI'RSimi.UH. 


andl 


I 


The  f)ura^ite  in   this  case  is  the  MicrosjKjron   furfur,  tlescribed 
Kichste^lt.       It   lives   in   the   auperlicijil    layers  of  tht*  epidermis, 
doe^  not^  as  a  rule,  penetrate  ik»e{>Iy  down  into  the  hair  sheaths.     The 
eruption   takes  the  form   of  brown  patches,   varying  in  size,  and  of 
irregular  outline.     The  imtches  are  not  raised  to  any  perceptible  ax- 
tent  above  the  ordinary  level  of  the  skin. 

The  mycelium  i;?  branched,  and  the  spores  differ  from  tho^e^  ct 
the  other  two  fungous  diseases  just  described  in  the  fact  that  thi*r 
are  collected  in  masses  (Fig.  640).  They  are  usually  of  rciundc«i 
aha|HS  An<l  are  somewhat  larger  than  in  the  ease  of  the  trichophyton. 
They  are  also  of  remarkidily  uniform  size* 

The  jmrasit^'  can  l>e  cuhivat<*tl  artificially,  the  Ijest  method  of  pro* 
cedure  being  the  following  :^— The  superjacent  skin  having  been 
ilisiijfected  with  alcohol  and  ether,  the  scpiames  arc  detached  on  to  5 
per  cent  glycerine-grlose.  Side  l»y  side  with  colonics  of  bactcfim 
colonies  of  the  fungus  are  obtainc<l.  The  expenmcnt  does  not  alwmja  _ 
succeed.  The  gintwth  is  often  choked  out  fiy  bacteria  which  fructify  fl 
more  nipidly  than  the  true  fungus.  It  cjiri  be  conveyed  by  inoculi- 
tion  to  the  rabbit. 

The  mould  grows  readily  \i\xtn  5  per  ct'ut  glycerine  bouitkn^ 
either  acid  or  alkaline^  in  10  {X'r  cent  jvejitonined  gelatine,  also  Mtkcr 
add  or  alkaline,  and  on  other  mmlia.  The  reaction  of  the  medinBl 
does  not  seem  to  exercise  any  influence  upon  its  growth.  It  deYclopt 
etpially  well  in  acids  or  alkalies.  Its  development  is  rapid  at  *i5*-30°  C. 
slower  at  onlinary  terapenitiu"es. 

The  ap[K*4irance  of  the  culture  varies  uaich  with  the  medium  on 
which  it  is  grown.  It  can  be  recognised  easily  on  gelatine.  Sown  on 
the  surface  of  gelatine,  the  microsjMjron  plunges  at  once  deeply  into  it* 
substance  and  forms  a  hollow,  carpeted  by  a  mycelial  growth  of  yelJoirfl 
colour*  The  thallus  raises  itself  more  slowly  out  of  this  hollow  in  ^ 
prominences  of  various  form.  The  asj>ect  of  a  puncture  cultivation 
presents  nothing  peculiar  or  characteristic.  The  microsporuD  pro- 
pagates by  the  aid  of  coni^ba. 
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Alopkchia  oh  Baldness. 

1081.  The  falling  out  of  the  hair,  ending  in  permanent  Iwihhiess,  is 
tMually  an  accomjmniment  of  incre«igiing  years,  'Hie  cause  of  the  hair 
not  being  renewed  fcas  never  Wen  explained.  One  peculiar  fomi  of 
iKilrlness  is  known  as  Alopechia  areata.  It  is  said  to  bo  mused 
hy  the  growth  of  a  iin'crnphv  te  in  the  hair  sheath  {the  nncrococcus 
decalvans).     The  patches  are  pecidiarly  circumscribed,  and  the  hair  is 


V 


-  540,- Fvsror*  or  PiTrniAi^rs  vebsiixilor  — MirHci^poHoN  n^uFih  hiiowtwo  the  MrGmuiuM 
TOOBTUKR  WITH  SpoRF»  Iff  Oroi'P9  (i\  liuiiiag.  TiuHU  Crouclt,  EtArtk.,  Ov,  8.  SUlnfU  with 
M«thjrleno  Blu?). 

^t^her  quite  destroyed  or  is  present  in  the  shape  of  a  fine  lanugo.      It 
*^*^y  grow  in  again  even  wdien  apparently  it  has  been  completely  lost. 
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CHAPTER  XCI 
MALFORMATIONS 

1082.  Definition. — As  such  are  understood  (hose  departures  from 
the  normal  form  of  the  organism,  or  of  single  parts  of  it,  which  follow  upon 
some  disturbance  in  its  development.  They  are  known  as  monstrosities, 
anomalies,  or  varieties,  according  to  the  amount  of  deviation. 

Classification.  —  Many  have  been  proposed,  but  probably  the 
most  comprehensive  is  that  founded  upon  their  etiology,  namely, 
into — 

(1)  Those  malformations  due  to  intra-uterine  inflammation. 

(2)  Those  due  to  pressure  ;  and 

(3)  Those  in  which  there  has  been  some  inherent  defect  in  the 
primitive  cells  of  the  embryo. 

The  last  group  may  be  subdivided  into — 

(a)  Those  in  which  there  is  an  excess  of  development — Monstra 
per  excessum. 

{b)  Those  in  which  there  is  defective  development — Monstra  per 
defectum ;  and 

(c)  Those  in  which  the  individual  is  single,  double,  or  triple. 


(1)  Monsters  from  Inflammatory  Causes. 

1 083.  That  inflammation  may  occur  in  the  foetus  during  intra-uterine 
life  is  undoubted.  Exudation,  suppuration,  and  formation  of  cicatrices 
may  follow,  and  adhesions  be  formed.  Thus  the  foetus  is  sometimes  born 
with  evidence  of  inflammatory  aff'ection  of  the  skin,  adhesive  or 
exudative  peritonitis  or  i)leurisy,  endocarditis,  interstitial  hepatitis, 
pneumonia,  etc.  Similar  lesions  unquestionably  inflammatory  in 
their  nature  occur  in  the  foetal  membranes. 

The  causes  of  such  affections  (Perls)  are  mainly — 
(1)  Blows  upon  the  Part. — Such  are  more  likely  to  take  effect  when 
the  foetus  is  surrounded  by  a  small  quantity  of  liquor  amnii. 


9 1 0  MALFORMATIONS  part  in 

(2)  Certain  Poisons  transmitted  from  the  Mother, — The  placenta  seems 
to  be  a  sufficient  protection  against  most  poisonous  states  of  body 
existing  in  the  mother,  but  not  against  all.  Thus  the  f  cetal  blood  only 
rarely  contains  the  anthrax  bacillus  when  the  circulation  of  the  mother 
is  full  of  it  It  is  said  also  that  the  poison  of  S]rphilis  is  not  trans- 
mitted through  the  placenta,  but  is  contained  in  the  spermatozoid  or 
ovum.  Maffucci's  experiments  on  the  inoculation  of  eggs  with 
tubercle  might  lend  some  weight  to  this  supposition.  It  has  even  been 
asserted  (Jani)  that  tubercle  bacilli  are  present  in  the  seminal  ducts 
and  Fallopian  tubes  in  tubercular  persons  without  any  evidence  of 
local  tubercular  disease. 

fir-  It  seems,  however,  that  measles,  smallpox,  and  scarlet  fever 
can  be  transferred  directly  from  mother  to  child ;  and  as  the  liquor 
amnii  is  a  maternal  transudate,  it  is  supposed  that  the  contagion 
takes  place  through  it. 

The  inflammations  excited  by  such  poisons  may  manifest  them- 
selves in  various  ways,  and  as  a  result  of  them  the  tissues  may  become 
profoundly  altered,  closiure  of  ducts  may  occur,  or  a  more  or  less 
complete  sphacelation  of  parts  may  follow  upon  adhesions  which  have 
been  contracted.  Where  these  adhesions  come  to  press  upon  im- 
portant parts,  such  as  the  head  end  of  the  embryo,  development  may 
be  completely  arrested. 

(2)  Monsters  resulting  from  Pressure. 

1084.  Pressure,  however,  is  often  brought  to  bear  upon  the  foetus 
in  other  ways  than  by  adhesions.  Thus  there  may  be  too  small  a 
quantity  of  amniotic  liquid,  so  that  the  foetus  cannot  float  freely  in  it ; 
the  navel-string  may  be  tightly  bound  round  a  limb  or  round  the  neck 
of  the  foetus,  occasioning  intra-uterine  amputation  or  decapitation  as 
the  case  may  be.  In  the  case  of  defective  quantity  of  amniotic  liquid 
the  head  end  of  the  embryo  is  said  to  sufter  most ;  and  this  from  the 
fact  that  the  head  fold  of  the  amnion  comes  in  contact  with  it 

(3)  Monsters  due  to  some  Inherent  Defect  in  the  Primitive 
Cells  of  the  Embryo. 

Their  Causation, 

1085.  One  of  the  most  important  observations  bearing  upon  this 
subject  is  that  of  Fol  (No.  40,  1877,  p.  659)  relating  to  the  irregular 
impregnation  of  the  ovum.  As  a  rule,  only  one  spermatozoid  is 
utilised  for  this  i)iu7)ose,  but  it  happens  occasionally,  at  least  in  the 
case  of  the  sea-urchin  and  sUirtish,  in  which  he  made  the  observations, 
that  several  gjiin  entrance  owing  to  the  vitelline  membrane  not  having 
spread  round  the  ovum  so  as  to  i)rotect  it.  Such  ova  divide  irregularly 
and  a  monster  results. 
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Geoftroy  St.  Hilaire  (see  Bibliog.)  showed  that  violent  sliaking  or  partial  varnish- 
ing of  the  hen's  egg  is  a  fertile  source  of  irregular  development. 

Dareste  and  Panum  (see  Bibliog. )  have  extended  these  observations,  and  their 
results  point  to  various  procedures  being  competent  to  induce  monstrosity.  Of  all 
expedients  adopted  by  them,  however,  those  of  variation  of  temperature  and  heat 
irregularly  applied  to  the  egg  were  most^fertile  in  positive  results.  Variations  of 
temperature  from  above  45"  C.  to  below  30**  w^ere  effectual  in  numbers  of  instances. 
Where  the  heat  was  applied  to  one  part  of  the  egg  more  than  to  another,  the  defect 
was  often  noticed  in  the  vascular  system.  The  blood-islands  remain  separate  from 
one  another  and  from  the  heart  The  blood  is  thus  rendered  poor  in  corpuscles,  and 
a  dropsical  condition  of  the  embryo  sets  in. 

Maternal  impressions  have  often  been  taxed  with  causing  certain 
forms  of  monstrosity,  such  as  that  of  a  headless  child,  from  the  pregnant 
mother  having  witnessed  an  execution ;  a  pigmented  and  hairy  patch 
on  the  skin,  from  the  mother  having  been  frightened  by  a  mouse ;  or  a 
web-handed  condition,  from  the  mother  having  been  present  when  the 
fingers  of  a  corpse  were  being  tied  together.  Although  there  is  some 
basis  for  such  allegations,  yet,  in  most  cases,  they  should  be  accepted 
cum  ffrano. 

Dreams  have  also  been  asserted  to  have  a  like  effect  upon  the 
foetus  ;  but  here  as  before  there  is  abundant  opportunity  for  display  of 
the  post  lioc  ergo  propter  hoc  fallacy.  It  would  be  naturally  in  the  early 
months  of  pregnancy  that  such  causes,  if  they  are  operative  at  all, 
would  exert  their  greatest  influence. 

Dog-breeders  assert  that  the  sight  of  a  mongrel  at  the  time  of 
conception,  in  the  case  of  the  bitch,  sometimes  influences  the  progeny 
deleteriously. 

Hereditary  Tendency. 

Malformations  are  decidedly  hereditary.  Not  only  will  the  same 
mother  sometimes  bear  a  succession  of  malformed  children,  but  certain 
peculiar  features  of  malformation,  such  as  polydactylism,  have  been 
known  to  run  in  families  for  a  series  of  several  generations.  The 
majority  of  malformed  foetuses  belong  to  the  female  sex ;  and  often  a 
single  individual  shows  a  multiplicity  of  aberrations. 


Individual  Malformations  caused  by  Interruption  in  the 
early  Evolution  of  the  Embryo. 

Fissures  of  the  Body  IFall. 

When  the  human  ovum  is  fertilised  changes  take  place  in  it  which 
culminate  not  only  in  the  production  of  the  embryo,  but  in  that  of  its 
enveloping  membranes.  The  yolk,  vitellus,  or  protoplasm  undergoes 
cleavage  and  a  round  mass  of  cells  results  (mulberry  mass). 

Soon,  however,  these  cells  come  to  arrange  themselves  in  a  single 
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layer  on  the  interior  of  the  zona  peHiicida  or  vitelline  luembrane.  Thii 
celhilar  layer  is  tlie  primitive  epil>last.  It  encloses  a  cavity,  and  to  it 
the  term  blastodermic  vesicle  is  *jften  applied.  Within  it  is  the 
true  yolk,  a  ejeiiiiliquid  ullmminous  suWbmce. 

At  one  part  on  this  bbititodenuic  vetsicle  au  ojmtpic  s|H>t  in  cnuTM 
of  time  showfi  itself.     CouHiHting  as   it   does  at    Hrst   simply   ii(  tn 
iiccretion  of  the  undiiTorentiated  mam  ot  e^\U  couimoii   to  ih«   whokj 
vej^icle,  it  nevertholcss  marks  out  tho  seat  of  forni:itiuii  of  the  futttrti 
emUryo,  and  is  known  conserjueiitly  a^  ttie  area  g'erminatiFa.     It] 
aplil.s    subsefjiietitly   into   two  layers,  the  epiblast  nrnl   hypoblast 
In  couj-se  of  time  a  third  h  im|w»Hed  between  the  tw<»,  the  mesoblast. 

From  the  vitellino  metid»nine  8iiudl  Infts  grow  fiutward*  The«e, 
liccomiug  attjiche<l  to  the  uterus,  Ber\e  r»8  a  tcmponiry  chorion. 

The  emljryo  soon  develops  a  html  antl  tail  end  from  a  fold  of  tbo 
epiblast  showinj;  it^^elf  at  each  extremity.  When  the  mesoblast  has 
fepread  for  i^ome  distnoce  Ijctween  the  other  two  layers  it  splits,  the 
inner  half  beir*g  known  ,\a  the  splanchno-pleute,  the  outer  ua  ih^ 
SOmatO-pleure.  The  s|mce  Iteiween  the  two  is  the  primitive  pleUTO- 
peritoneal  cavity  or  boily  cavity.  Tart  of  this  becomes  the  plemo- 
[>eritoneal  cavity  nf  the  ftrtus. 

The  fact  tliat  this  (iivity  in  tUo  cum'  nf  tit?  higfif^r  viTti*bmt«B  mppmn  an  tlae 
tiie»oliljut,  taken  by  itM<lf,  would  tn^m  Ui  iudiL-Atn  that  it  \»  purely  am* 
iitructtire.     ThiU-c  Ib  eviiienc«  to  prove,  however,  tUat,  in  tho  iuvprtcbrat*,  it«i4Mia»i 
dtvrrtieuhim  from  the  primitive  alimentary  catia I  or  ait^hcntcroo.     For.  aa  shown  bjl 
thr  Hertwigs  (No.  571),  and  as  empbaj^iscHl  iu  this  country  hy  Btaml  Sntton,  tlii*1 
ctHiluui  or  l»ody  cavity  of  the  iuvrrt«bratf%  wliich  is  generally  hehi  to  Iw  the  homn- 
login*  of  the  plpnro-[teritoncal  cavity  of  tlie  vertebrate,  jn  hi  ita  earlicat  ataU  an  i 
growth  from  the  primitiTe  intestine,  and  ht'ncu  gets  a  lining  of  hy[»obla^4. 

Against  this  view,  according  to  F.  li^ilfour  ( No.  ^72*  i.  )u  S4H  I,  ar«  to  \w  Tt^k&Skitd 
the  facta  chat  (I)  the  niesoblostic  plates  in  tho  vertehrato  are  aohJ  ;  and  (S)  a*  a 
consequencf^  thi^  pletiro- peritoneal  I  cnvity  never  eomruunioates  with  the  totevtiiia. 
That  tho  celhilar  inve^tnient  of  the  [iciitoneiun  or  fi1t*ura  is  tiy]M^»htastic  holds  tn» 
obahly  only  in  the  »eitse  of  the  whole  mesoblast  being  an  oHkhoot  frrora  th#  hypo- 
blast. Kevertheleas,  in  view  of  the  |ieculiarly  epithelial  character  of  the  cells  oflilft 
'  ovary,  the  (tosMibiliiy  of  thi^ir  repr^^9ellting  a  far-biok  oontlieitoll  wllh  th«  hypilikrt 
onght  not  to  U^  forgotten. 

When  thu  cleavage  of  the  mesobhut  ta  tomewhat  advAOood,  m 
Hocond  fobi,  runtdng  cofR-entncally  with  the  semilunar  ahape  of  lb« 
first,  iipi>eartt  on  tho  e]>iblabt  a  Utile  way  in  fn»nt  of  the  head-fold  of 
the  embryo*  This  is  tho  commencement  of  the  amnion^  It  b  oooi* 
poaed  of  tho  epiblnat  and  tho  layer  of  mcsobl^i^t  in  contact  with  tta 
inner  surface.  It  coniirmea  to  grow»  stretching  Imckwards  over  tb« 
head  of  the  embtyo,  and  in  course  of  time  meet«  a  simihu-  fold  irom 
tho  tail  end 

Identical  folds  rise  up  from  the  slde^  of  the  area  germinaliva,  and 
tlic  whole  of  these  come  into  conUct  over  the  back  of  the  enilirjNx 
At  the  points  of  contiguity  &  fosioti  takes  place,  the  lower  lajerl 
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becoming  the  true  amnion  and  the  space  enclosed  within  it  the 
amniotic  cavity.  The  upper  or  outer  layer  is  the  false  amnion. 
The  name  subzonal  membrane  is  applied  to  tlie  latter  by  Turner 
from  its  position  immediately  beneath  the  zona  pellucida.  It  is 
entirely  separated  from  the  amnion  by  the  common  pleuro-peritoneal 
space,  and  in  course  of  time  becomes  one  of  the  layers  of  the  permanent 
chorion.  It  forms,  in  fact,  the  epithelial  covering  of  the  villi  of  the 
foetal  placenta. 

Whilst  the  amnion  is  thus  enclosing  the  embryo  above,  the  meso- 
blast  is  being  pushed  farther  and  farther  around  the  blastodermic 
vesicle,  and  so  separates  its  cells  into  an  inner  and  outer  layer.  And 
as  it  pushes  its  way  forwards  it  continues  to  split  almost  simul- 
taneously into  two  layers.  The  space  Ijetween  the  layers  is  of 
course  the  continuation  of  the  pleuro-peritoneal  cavity.  The  splitting 
of  the  mesoblast  finally  reaches  the  lowest,  or,  if  we  may  so  express  it, 
the  southern  pole  of  the  blastodermic  vesicle,  and  thus  completely 
divides  the  mesoblast  into  two.  The  whole  of  the  cavity  included 
l>etween  its  layers  becomes  obliterated  as  the  amniotic  liquid  increases 
in  quantity,  and  compresses  it,  unless  the  part  included  within  the 
lx)dy  of  the  embryo. 

The  head-fold,  tail-fold,  and  lateral  borders  of  the  embryo  mean- 
M'hile  have  been  pinched  inwards,  so  that  they  compress  part  of  the 
l^lastodermic  vesicle  and  convert  it  into  a  tube-like  stnicture  numing 
in  the  long  axis  of  the  embryo  and  as  yet  shut  at  each  end.  The 
tube-like  cavity  so  enclosed  is  the  primitive  intestine.  The  layer 
of  hypoblast  included  in  tlie  infolded  body  wall  becomes  the  epi- 
thelium of  the  future  oesophagus,  stomach,  and  intestine ;  while  the 
corresponding  mesoblast  furnishes  the  muscular  and  connective  tissue 
elements  of  the  same. 

Up  till  the  end  of  the  sixth  week,  however,  the  blastodermic 
Vesicle  and  the  intestine  are  not  completely  separated.  A  channel 
t^emains  between  them  known  as  the  omphalo-mesenteric  duct, 
xvhile  the  blastodermic  vesicle,  now  reduced  in  size,  goes  by  the  name 
of  the  umbilical  vesicle.  After  the  sixth  week  this  duct  becomes 
obliterated  and  the  umbilical  vesicle  disappears. 

The  first  malformation  to  specify  is  where  a  greater  or  less 

jx>rtion  of  the  duct  remains  permanently  open  in  extra-uterine  existence. 

The  malformation  is  known  as  MeckeVs  dirertkulum  or  diveriiculum  ilei. 

The  diverticulum  branches  oft*  at  right  angles  to  the  ileum  usually  at 

s^i   point  from  1  to  3  J  feet  above   the  ileo-colic  valve.     It   is   placed 

opjwsite  the  mesenteric  attachment  and  vaiies  in  length.    It  terminates 

tDccasionally  in  a  cord  fixed  by  one   end   to  the   umbilicus,  and   is 

composed  of  the  same  coats  as  the  intestine.     It  may  become  a  source 

of   danger  from  lodging  foreign  bodies,   or,   when   attached  to  the 

vimbiJicus,  by  causing  sti-angulation  of  a  mass  of  intestinal  convolutions 

which  have  slipped  underneath. 

A  portion  of  the  common  pleuro-peritoneal  cavity  is  cut  oft*  by  the 
VOL.  II  3  X 
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above  £olding-in  of  the  walls  of  tht!  embryo.  Thin  in  time  becomei 
the  pUiifit-pentoiital  mr*/y  uf  erlnh uterine  exisieHr4r^  dividixl  into  two  by 
the  subHei|Uent  ingrowth  of  the  diaphragm. 

ImiMirtant  changes  are  aim  taking  place  toiVTtrda  what  will  he  tbs 
jielvic  regioti  of  the  fwtus.  A  i^nuill  isausage-like  pniji'ctian  is  [lushrtl 
out  from  the  primitive  hind-guL  This  is  the  allantois.  It  enUrges 
nipidly,  mttkes  it^  way  into  tht*  primitive  IkhIv-  or  pleuro-iientoncml 
cavity,  and  becomes  applied  to  the  j^ubjcoaal  membrane.  It  carrier 
blood-vessels  in  its  walls,  the  exixinsions  of  which  become  in  due 
course  the  permanent  vesiiols  of  the  chorion  and  placenta^  while  their 
trunks  furnish  the  umbilical  arteries  «nd  vein.  The  interior  of  tb» 
allantois  is  tilled  with  the  allantoiii  iii|niil.  The  Inxly  walls  arc  now 
being  pinched  in  farther  and  farther^  and  tinidly  coiilesco  in  the 
midtlle  line.  The  laminiO  lateniles  of  njesobhist  8imu]tJiiie<itis1y  arts 
l>eing  pushed  inwards  in  a  like  direction,  and  are  tncreasiog  in 
thicknei^s.  The  mui^cular  and  rigid  tis^iues  of  the  trunk  are  ultimateljr 
formed  out  uf  them. 

I'hc  Itst  piirt  oi  the  bt»dy  wall  to  unite  i«  in  the  neighbourhood 
of  the  nmbiliciH,  aufl  from  this  there  i>*§tie  alKiut  the  end  of  the  third 
to  ifie  fourth  week  the  omphalo-mesenl^ric  duct  and  allantois  with 
its  enlarging  ves.Hels.  The  cleft  up  till  thiii  time  existing  in  the  iNMly 
wall,  where  these  t^tructures  make  their  exit,  should  Ik?  entirely  dusecl 
by  I  he  end  of  the  sixth  to  the  eighth  week 

As  the  btwly  wall  thus  erivelopi^  the  allantois,  |>art  of  the  allantois 
is  left  within  the  ablomen.  The  deepest  [MMlion  of  the  encloftod  part 
Ijccomes  the  urinary  bladder,  the  remaining  [tort ion  is  the  ehaiinel 
know^i  &s  tlie  urachus«  The  urachus  in  time  is  converted  into  a  solid 
cord,  the  future  middle  vesical  ligament 

It  sometiuH's  hapj»ens,  however,  that  the  urachus  remains  |)erviott* 
anri   comnnmicjites  with   the   bladder.      When    this  abnormity  i*xi«ti 
the    chsumel    of    the    urachiis    may    1>ecume  distfudeil    int<)   a   cystic 
cavity   often   laiger   than   the   hlatlder  itself.      The   malforrnaiicm 
known  as  urachus  cyst  (Fig.  541). 

The  part  of  the  allantois  oitt«ide  the  )>ody  wall  atropbi6i»  while  it 
vessels  become  embedded   in   the  Wharton's  jelly.      The  veeMla  llli 
embedded,  with  the  reHt  <  tinn  **i   the  amnion  as  an  exterml  in 
ment,  constitute  the  umbilical  cord. 

From  the  fact  that  the  bcxly  wall  ha*  to  cover  in   the  impoftaol 
cavities  tif  the  thorax  and  aln lumen  it  is  evident  that  thens   is  tlie 
possibility  of  the  closure  not  being  completely  effected,  and  oC   verfl 
disastrous    malformations    resulting   therefrom.       Bueh    a    failure 
enmplete  the  anti'rior  wall  of  the  tiunk  is  a  common  dcfannity. 
may  lie   complete   ur   (KiitiaL     The   various   defects  due   to  it  ha' 
specific  namei^  apjjlied  to  them,  and  are  iu^  follows  : — 

(I)  Thoraco-Gastro-Schisis, — In  this  the  Wly  cavity 
quite  unciose<l  an<l  the  viscera  are  all  mure  or  less  visible  through  lb« 
fissure.     The  funis  may  l>e   absent,  anrl   in   such   aise   the   tinibi1j< 
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vessels  pass  directly  to  the  placenta.  Sometimes  the  peritoneum  with 
the  amnion  stretched  over  it  constitutes  a  sort  of  sac  covering  the 
abdominal  viscera,  while  loops  of  intestine  or  portions  of  the  liver, 
spleen,  stomach,  etc.,  protrude  through  the  aperture. 

(2)  Gastro-Schisis  or  Fissura  Abdominalis. — The  thorax  is 
closed  and  the  abdomen  left  open. 

(3)  Congenital  Hernia  Funis. — This  is  the  smallest  of  the 
fissured  conditions  of  the  body  wall.  The  defect  is  at  the  part  last 
to  be  closed  in.     A  protrusion  of  a  coil  of  intestine  covered  by  peri- 


Fnj.  Ml.— Uba<  ins  Cyst. 


toneum  takes  place ;  the  cord  is  located  usually  at  the  apex  of  the 
protrusion.  Sometimes  the  defect  is  not  in  the  middle  line  but  to  one 
side. 

This  condition  must  not  be  mistaken  for  ac(iuired  hernia  umbili- 
calis,  in  which  the  closure  of  the  wall  is  complete,  but  where  a  yielding 
of  the  tissues  takes  place. 

(4)  Ectopia,  Ectropium,  or  Ecstrophia  Vesicae. — The  abdo- 
minal wall  miiy  be  closed  in  the  neighbourhood  of  the  umbilicus,  while 
a  fissure  jKirsists  either  above  or  below  it.  If  below,  it  is  usually 
accompanied  by  defect  or  absence  of  the  anterior  wall  of  the  bladder. 
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while  its  iK)sterior  wall  is  everted  by  the  intestine  getting  behind  it, 
and  protrudes  from  the  aperture.  The  mucous  membrane  begins  to 
granulate  and  is  converted  into  a  red  fungating  mass.  The  ureters 
open  in  their  usual  situation  and  the  urine  makes  its  way  out  of  the 
defect.  The  genital  groove  in  the  penis  is  unclosed  and  the  external 
genitals  arc  ill  developed. 

Extensive  fissura  abdominalis  occurs  only  in  the  female,  ectopia 
vesicae  much  more  frequently  in  the  male. 

(5)  Fissura  Sterni. — Sometimes  the  thoracic  defect  is  repre- 
sented by  a  mere  fissure  or  cleft  of  the  sterimm.     If  the  defect   is 


Kk..  .'.♦'-•.-  KtTiU'i a  Vixn  .». 


wider,  if  it  Ix.'  coiitinod  to  the  thorax,  and  if  the  heart  covertni  !»v  thr 
j)ericar(liuni  protrude  from  it,  the  term  ectopia  cordis  is  applitul  to 
the  nialforniatinii. 


MaLH»HMATIoN.s   ("(>NNE(TKI)   with   the    BuaN<  HIAL   Akchkn 

AND  Clefts. 

lOSfJ.  The  coininoiiest  of  all  nialforiMatif>ns  are  those  resultin^u 
from  imperfect  union  in  front  of  the  parts  (leveloped  out  of  the  tirst 
bniiu'hial  arch. 

In  the  neek  •»{  the  embryo  at  an  early  period  of  existence  there 
are  to  br  seen  four  clefts  known  as  the  branchial  or  visceral  clefls. 
They  pa-*s  from  the  throat  internally  through  the  soft  parts  and  skin 
They  >eeni  ta  be  f<»rnied  by  a  dehiscence  of  the  cells  of  the  luirt, 
beuinnin^'  in  the  hy|)oblast,  next  piercing  the  tissues  of  the  mesobhist. 
and  la-tly  atbMtin.i:  the  epiblast. 

No  *i<Miner  ha^^  a  cleft  appeared  than  the  upper  Inirder  rist»s  inti>  a 


^ 


ridge  or  full!  known  as  ;i  visceral  in-  branchiai  fold.     There  nre 

five  viBijenil  fukk  ti>  the  four  viscomi  clefta. 

1m  eiuh  of  the  first  three  there  is  a  rod   of  cartilage.     The  teiTii 

branchial  arch  is  sometimes  applied  to  the  entire  structure  formed 

fi <iiu  eaoli  Si  t  I'f  visceral  folds  ou  the  two  sides. 

It  is  with  thr  Jir4  of  the.se  mciu^s  that  we  are  11 1  ])resent  coucerneil^ 

as  it  is  mainly  out  of  it  that  the  jnws  aud   soft  tissues  appertaiuiog 

thereto  are  evolved.     Its  two  segments  meet  iti  tlie  niiddlt^  line.,  and 

thus  establish  the  rudiments  of  the  future  inferior  maxilla.     From 

the  eonciivity  on  each  sejtj^ent  a  iHid-like  process  projects   inwards  ; 

•ind   the  two   buds   tend  to   meet  in   the 

middle  Hue.    They  never  urdte  comj>letely, 

licjwever,   Uit   leave  a   vacuity,   which   is 

filled   up  l»y   a   process    nf   tissue    which 

^'ows  down  from  the  frontid  regiort.    This 

process  hears  with  it  rudiments  of  hone, 

-skin,  aud  other  soft  i>arts.      The  bony  rudi> 

ents  carried  downwanls  comprise  the  two 

imt   itittn'tmirillai'M^  within   each   of  which, 

later  on,  are  de\cloped  two  incisor  teeth. 

,e  time  after  this  frontal  process  has 

_       m   up  its  position    between    the    two 

^Ijuds  given  oW  from  the  arch,  the  three 

|»iirt8  coalesce,  and  out  of  them  the  upper 
jaw  is  constructed.     Kxternally  the  fusion 

is  so  complete  in   Alan  that  the  point  of 

junction,  at  the  time  of  birth,  is  not  re- 
cognisable.   The  line  of  junction  internallv,    hIIi  oin  »iiii  Ik>  *eeu;  orinasal  pit; 
^lowever,  with  the  hard  palate,  which/it  c^)(^^''i'Mi»,^ipnx^;(o.up.mMr 

,  1  *  ,  11         11-1-        nmxJUrtry    j*r«icy««  of  flwt   vUcnml 

hould  l*e  remembered,  is  developed  withui    arcU;  (i,  i)  infrmr  iiminary  pru- 
plate  of  cartik;j;e  on  each  side,  is  jilaiidy    •■'>iw  or  tumt  visceral  arch;  (2.  -2) 

"^'ittil  Ia  '      tiecinnl  vi*fjt?TJilari:h;  (jr)  first  v]sc«r»l 

nrt  cleft  befwt»CM  lli^tmul  Aecoiulviaceml 

^         The  space  between  the  iijiper  and  lower  nrciii-f*.   I'lif  iiiouth  ih  »wn  encioa««i 
^Eiaw8  thus  brought  into  existence  becomes   ^y  ti»e  mmto- nasal  prucew,  iii»^ 

K«he  future  mOUth.  ,k,,t  ,^i,  ,,T  vl^ceml  an-h^. 

^B        The  fusion  of  the  parta  entering  into 

^B^he  structure  of  the  upper  jaw  occurs  about  the  middle  of  the  third 
^^^nonth.  The  junction,  however,  l>etween  the  three  purts  often  fails, 
and  a  fissure  is  consequently  left.  The  fissure  may  be  bilateral  or 
unilateral,  and  extends  ti>  various  depths,  the  terms  cheilo-gtiatho 
^>r  palatoschisis  l>cing  used  jointly  or  singly  to  indiciite  the  amount 
<»f  defect  (xetAo^,  lip  ;  yva0o^,  jaw  ;  ami  pnlttt ft tu,  ]jalate). 


FiM,  .'HS.— nt,^ii  or  A  CntcK  at  thij 
Sixth  lUv  *r4sjfi  wnou  nutow 
(nfl*-i  Huxhy). 

(^r)  r4«n^hnil  \e«iclps;  (*»,">  fyw 
111  which  tht^  r+*niAiiift  iif  Ihe  elion:>Kl 


Hnrelip  or  i1iatosrhi<U  (lAthlfim  LrpoHtnim), 

,18  18  one  of  thti  c<mimouest  of  the  above  defects,  and  consists  of 
splitting  of  the  upper  lip.      The  cleft  is  lincil  by  niumus 
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menibnini^  nm\  inny  exteml  into  i\w  fujstnl.  Sometiuie*  it  ii*  rvivte 
mnt&l  hy  u  men*  notch  or  cicatrix,  Tht?  cleft  is  8inj;;le  or  double, 
iind  ill  two-tlu'nb  i>f  the  single  eases  it  ift  on  the  Ipft  ftiilc.  When  th** 
cleft  is  double  the  |Kirt  of  the  lip  attached  to  th*:*  intemmxilhiry  liom* 

is  of  ton  ill  flev<'lr»|jeil,  and  proji'ct* 
forwards  as  an  unsightiy  ina.*^**  (Fijc. 

lit  ex'trt'nie  nv^es  not  only  iloca 
liir  cleft  extend  through  the  lip, 
hut  also  into  the  haitl  palate,  and 
even  down  a.^  far  as  the  thnml- 
In  «U€h  cases  it  |muhsi\s  Iwtwrrn 
the  outer  incisor  lo«»th  and  th«* 
cjinine. 

If  the  cleft  k  double,  not  tmly 
is  the  jKirt  of  the  lip  attached 
to  the  iutennaxillary  Ixme  defi- 
cient^  but  the  interniaxiMary  bon<>* 
and  vomer  an'  usually  alsi*  abor- 
Fiii,  M4.-II&RCJ.II  li^<?-     There   U  thus  Ml  a  Kpiket* 

on  the  ro«:>f  of  the  mmith  divide*! 
the  rudimentary  vomer.  Forming  the  anterior  lM>undary  of  tH« 
f|l8€e  Bvv  the  ill  develof>e4l  ijiterniaxillary  Iwmes,  often  with  only  tiro 
teeth  upon  tlieni.  The  deft,  further,  may  cxiand  to  the  iMjft  palalf*, 
in  which  [rx-nlity  it  is  always  single. 

Somotinies  the  defect  influences  only  the  hard  ami  soft  judatesy  ur 
it  may  l>c  the  .^oft  ]>idate  Jilono.  The  condition  iit  these  caseJi  is 
known  simply  aj>  cleft-palate* 


Schidaprtmpia  and  Jprtmpiti  {wpmtirWf  iks  fat*). 

In  80016  eaiea  the  deftrct  ext^snds  throughout  th«*  entire  faee  A 
Rtsure  runs  up  on  each  side  *>f  the  mwe  towartls  the  orbit  continumift 
with  the  cleft  in  the  liji  <Fig.  oiri).  At  other  times  the  lip  may 
remain  uncleft,  while  a  Khnlhuv  fi»sure  nn»s  thmugh  the  faor. 
Occasionally  it  hap))ons  that  the  entire  face  is  in  great  part  \^antirig; 
n  huge  g^p  intervening  whore  the  face  ought  to  be. 


By  this  is  meant  a  congenital  absence  of  the  lower  jaw  and  itA 
attached  soft  parts.  It  is  due  to  arrested  development  of  the  two 
atdea  of  the  first  branchial  arch.  The  lower  |>ait  of  the  face  aeefiia 
cttt  away  and  there  is  an  approximation  of  the  cars  (svnciti%  F%. 
540). 
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Fistula  Colli  Congenita. 

This  is  i\  malformation  causeil  by  the  iMirsistence  in  extra-nterino 
life  of  one  or  more  of  the  branchial  clefts.  It  is  usimlly  the  third  or 
fourth,  but  occasionally  the  first  or  second. 

The  commonest  site  of  it  is  on  the  right  side  of  the  neck  fn»in 


Fi-n  I*  •"I  1 1. 


I  to  :\  ctni.  abnvf  the  sterno  -  davinilar  articulation.  Sometimes, 
<'uri<)usly.  it  (Kcupics  the  mi<ldle  line.  The  fissure  is  lined  with 
mucous  mcnilniinc  an<l  from  it  mucus  exudes  s|K)ntdneou8ly  or  on 
c(>u;:liiiig.  A  prolw  can  Ik*  pushe*!  into  it,  which  usiudly  finds  its  way 
down  to  thf  pharynx,  larynx,  or  nci>:hlM)iuhood  of  the  hyoid  l>one. 
The  SIC  ends  (Kcasionallv  in  a  ])lind  cxtremitv. 


ACIlAyiA 
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MALFORJIATIONS    due   to    r>EFE«'TI\K    IJEVKLOPMENT    OF    THE    IjONES 
^  OF   TFIK    SkIIX   and   SPINE. 

1087.  In  the  case  uf  tht'  skull  it  is  ^t'lierally  the  bones  rtf  tho 
\:iiilt  which  are  wanting,  and  very  uftt^n  the  defect  is  aecuni]mnied  t>y 
a  similar  absence  of  the  scalp.  The  vacuity  caused  thereby  may 
comprise  the  entire  vault  (acmnia)  vr  may  be  limited  to  the  parietal 
region.  In  thtr  former  case  the  basilur  process  of  the  occipital  is 
exposed  and   forms  the  Hoor  of  the  space  ;  in  the  latter  the  frontal 


<^. 


.y'^' 


w 
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^Tid  occipital  I  Mines  iire  apprriximated  and  at  an  angle,  while  the  Imse 
of  the  skidl  is  similarly  l>ent.  There  are  often  (|oaiitities  of  raem- 
bmiiou^  tissue,  prolmbly  the  remains  of  the  dura  mater,  lying  in  tho 
gup  and  adherent  to  the  Iwise.  The  skin  terminates  abniptly  at  the 
*iA^%  in  the  mrijoriiy  of  cases,  Imt  sunietimes  the  sailp  is  entire,  and 
in  contact  with  the  Imse  of  the  sknll  or  encloses  a  number  of  cyst- 
lie  cavities.  The  face  assumes  a  jiecnliar  toi^d-like  aspect 
The  brain  in  most  examples  is  entirely  wanting.  Sometimes  a 
of  cerebrum  is  found  lying  in  an  isolated  p<:Jsition  enveloped  in 


Flo.  ^iii*.— Pla*  or  TiiK  VAnta  IS  isPTXA  BfriDA. 

(f.r.)  Tlitt  H|i]riiil  i^ittfl ;  (»)  iiitt^rionif  Ui«  m»v ;  (r.m.)cottUH  incilulbLriAiLnil  flluin  t^niiiiiAU"  itliitMl 
lo  ilir  dlti»|il«t'llki«  ilrjircMlou  on  thr  mc  ;  (n)  n«rvfN  u(  Hip  camla  *^uitui  dmwn  tiito  tkt  me , 
id,m,)  iliini  timU"!'  for  in  I  ok  tli«  mc. 

oiitic'H  iitid   rotinu»  vvliero  the  cyel tails  are  Liimpletely  develop€^l,  urt? 

It  in  Bt^liloTii  thiU,  in  Jidvaneed  aLTunia^  the  rlefect  is  siugli?.  Hatt 
lip,  Hphm  hilitia,  ami  other  tiefarniities  are  often  aimultaneou^h'  present 

'Yhe  caiiHOtt  of  tho  malf*irniati(iii  have  hemi  allegecl  t-o  l)e  vaiiousL 
ThiiH  a  i'nll€otii»ii  ci|  liquid  in  tho  coit^jnt!  vehicles  pnor  to  tho  foiirtb 
niunth  uf  gcntatitiu  lia^  bueri  stated  to   ijulufe   it.       Pressure   of   the 
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head -fold  of  the  amnion  (see  Sect.  1085)  luts  lnjen  Miuiied,  while 
a.  too  sharp  curve  at  the  hu»^d  end  of  the  emlnTo  has  also  Ijeen 
ret'kuntni  a»  a  «"jiii8e. 

Lf)cal    d«?fidende8    sometimes    occur    iti    the    rranial    vault,    more 
particularly  in  the  utripitul  re^^iuii  and  at  the  root  of  the  nose.     The 
state  of  the  parts  is  described  under  Encephalocele  and  Menin- 
gocele (Heet.  250), 
L  Spinif  Biff  (In  (see  Seet.  2-"il). 

Malformation  dvk  to  thk  Peimiti\'e  Cerebkal  Vesiclk 

REMAINING   UNDlVIDEIt. 

1 088.  Themonstrositvresulting  from  this  cause  isknown  a>cyclopia 
01'  synophthalmia*     The  characters  it  bears  are  as  follows  :  — 

In  the  region  ai  the  root  of  the  nose  there  is  a  single  orbital 
space.  This  in  some  cases  is  very  small  and  may  not  show  a  trace  of 
an  eye.  In  others  it  is  larger  and  conhiins  a  nidimentary  single  eye, 
or  two  placed  in  eontignity. 

Between  thej^ie  three  alternatives  there  are  several  grades.  Thus 
there  may  be  a  shrivelled  eyeball,  a  single  eyeball,  but  widened  and 
cofitiuning  a  double  lens  or  doulde  cornea  placed  side  by  side. 

Tlie  nosi*  m  either  completely 


absent    or    is    represented    by    a 
[iroboscis  like  appendage  t>f    skin 


■'t^-^j 


and  soft  tissues  continuous  with 
that  of  the  forehead  and  some- 
times of  coriaideralile  length. 

The  ftttfttal  hrnif' and  ttppn*  jaw  ^       ^ 

are    both    under-develojied  ;    the      i}\       ^  Z' ^ 
opening  of  the  month  is  small  or 
completely  absent. 

In  place  of  the  two  aufhral 
hrmupkeres  there  is  a  single  cere- 
bral vesicle  poitited  anteriorly  and 
undivided  by  anything  in  the  shape 
of  a  h>ngitu(linal  ti.^isure  or  fabc. 
There  is  usually  also  an  aljsence 
of  tQnroiuimL'i  and  fjf  a  rm^jma 
ralhmitn.       The   httsid   ffftrnflia   are  ¥"!*>.  :i^»,-cv<.u«'i4. 

rudimentary. 

The  tfptk  chm>ifn(i  ami  I  he  ojitir  ttf*yrf,^  are  often  wanting  ami  in 
some  cases  there  is  a  singh?  nerve  ;  the  olfai  tories  are  always  absent. 

In  other  resi>ects  the  foetus  may  be  norma L 

The  malformation  depemls  upon  tlefective  evolution  of  the  primary 
oerebml  vesicle,  in  consetpienee  of  which  a  single  optic  vesicle  is 
evolvecl  or  the  two  lie  in  close  contact.  It  is  a  common  iloformity  in 
the  ci*lf  and  lamb. 


coutnictile  i»r<»pt'rtit»,  »w*J  ^^ 
sek  Iwciune  utUiched  to 
Tlius  iiriii'riorly  it  form*  a^ 
£;!ighi  1)iilgiii^  ktkown  as  the 
truncus  communts  arteri- 
osus *ii  bulbus  arteriosus; 

while    finstrrinrly    it    r«weivet 

t  h«^    omphalo  •  mesenteric 
veins. 

The  truiiciui  comDmnii 
nrl^riodus  divide  mta  iwi> 
1»niiifhe<i,  the  pnmitive  aorrjp, 
which  coui-so  liackwAfd*  round 
thi*  ti^HophiigiiB  to  tiniui  un 
the  dor^l  a»piKt  of  the 
Hiiii,  clo«6  hv  the  6fitn(\  tnl 
the  single  dorwl  unrtii.  Wit 
the  arch  formctl  by  dich  iif 
th«  unniitive  notlM  n 
the  u*sij|ihii}4:ti9  the  i 
cif  the  ftittxre  lar^  aneriM 
of  the  hfjid,  upper  €Xtreiisitk 
and  tiuig  are  laid  iIowil 

The  next  pbuie  in 
development  of  the  ftiUii 
hmrt  nnd  tirteric^  conriiU  !■ 
the  fu^ifcHrti  tiiW  r«|Mr«Miiliiig 
the  h«*iirt  Iwing  ci»ti)&tncied  hy 
Ml  nnntthu-  furrow  whicb  iitarkf 
it  itf\^  in  til  two  ehminliers  coo- 
tlriuou'^  vfith  each  other.  Thr  jM>*.tuiiin  of  ihv  two,  receinng  «i  it 
<ioefi  the  venous  hhttnl  h  the  primitive  auricle;  the  atiUtW  u 
the  primitive  ventricle,  with  the  tninciu  ArtericMua 
from  It. 

At  the  sn,me  time  thin  tuW,  which  up  till  now  hiis  mAintiihitd  a 
slimight  direction  in  the  long  fix  in  f>f  the  etiibmv  tulces  it  hcnd  < 
ittfdft  the  •o-culled  '*  sigmoid  l»eritl,"  whereby  the  priuiitive 


Pio.    561.— KuwiTn   Cunii  f»r  Kirrt  ■  Kt»r'»   liorltl^ 

RHrnVl^iI     TflK     ItKAUT    (Hi)     9%     T«t«     HtAUK     Of 

vfmmntt*  Brno. 
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comes  to  lie  the  lower  (anterior),  the  auricle  the  higher  (posterior) 
of  the  two  cavities  (Fig.  551,  Ht), 

Malformation  No.  1  in  developmental  sequence  is  of  rare 
occurrence,  and  consists  in  an  arrest  of  development  of  the  organ  after 
a  single  auricle  and  ventricle  have  come  into  existence. 

Then  follows  the  separation  of  the  primitive  auricle  and  ventricle, 
each  into  two  cavities,  by  the  development  of  their  respective  septa. 
The  ventricular  septum  giows  from  the  apex  upwards,  the  last  portion 
to  be  covered  in  l>eing  above — the  i>ars  membranacea  as  it  is  called 
in  the  fully-developed  organ.  This  septum  begins  to  show  itself  by 
about  the  sixth  week  and  should  l)e  complete  by  the  eighth.  The 
septum  often  fails  at  the  spot  just  indicated  as  being  the  last  to  be 
completed,  and  a  patency  remains,  as  in  the  chelonia  and  scaly  reptiles, 
through  adult  life. 

Malformation  No.  2  is  therefore  the  perforate  intra- 
ventricular septum.  Even  with  a  huge  aperture  between  the 
two  cavities  the  individual  may  reach  adult  life. 

The  auricular  septum  grows  downwards  and  from  the  anterior 
aspect,  instead  of  upwards.  It  appears  alw)ut  the  eighth  or  ninth 
Aveek  and  not  until  the  development  of  the  ventricular  septum  is 
completed.  By  the  end  of  the  sixth  month  it  is  formed  above,  l)Ut  is 
still  widely  defective  l)elow.  A  membranous  fold  now  grows  upwards 
and  partially  closes  in  the  defect  by  uniting  with  the  portion  descend- 
ing from  above.  The  aperture,  however,  remains  open  even  for  some 
time  after  birth  as  the  foramen  ovale.  It  sometimes  remains  per- 
manently open  and  may  allow  blood  to  pass  from  one  aiu'icle  to  anothei". 
llfalformation  No.  3  is  therefore  patent  foramen  ovale. 
This  defect  is  a  common  one,  and  the  intermixture  of  the  blood 
^•aused  by  it  often  occasions  great  cyanosis ;  but  in  a  large  numlx»r  of 
«;ases  the  aperture  is  guarded  by  a  valve-like  fold  of  endocardium  which 
prevents  regurgitation  taking  place. 

The  two  embryonic  aortse,  as  aforesaid,  run  over  the  sides  of  the 
primitive  esophagus  to  coalesce  behind  in  the  single  dorsal  aorta. 
Each  forms  an  arch  in  bending  forwards  and  backwards,  and  within 
the  concavity  of  this  arch  are  developed  four  other  vascular  arches  out 
of  which  the  largest  arteries  are  in  whole  or  in  part  constructed. 
There  are  thus  five  vascular  arches  in  all ;  but  they  are  never  present 
Hi  the  same  time,  for  when  the  fifth  comes  into  existence,  the  fii-st 
and  probably  the  second  have  been  removed.  Each  arch  springs  from 
an  aorta  on  the  ventral  aspect,  and  enters  the  corresponding  aorta  on 
the  dorsal  aspect.  The  segments  of  the  aorta?  intervening  between 
the  |K)ints  from  which  they  spring  are  known  as  the  ventral  aortic 
roots,  and  those  intervening  between  the  points  at  which  they  are 
inserted  are  called  the  dorsal  aortic  roots.  The  five  arches  corre- 
spond, moreover,  to  the  five  branchial  ridges. 

The  truncus  communis  arteriosus  up  till  the  time  when  the 
ventricidar  septum  is  beginning  to  grow  upwards  consists  of  a  single 
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heart.  The  one  channel  thus  formed  becomes  the  ascending  part  of 
the  arch  of  the  aorta,  the  other  the  main  stem  of  the  pulmonary 
artery. 

Malformation  No.  4  is  where  the  septum  fails  to  be  completed, 
and  a  patency  remains  between  the  origins  of  the  pulmonary  artery 
and  aorta.  In  the  crocodile  the  aperture  is  permanent,  and  is  known 
as  the  foramen  Panizzse. 

The  first  and  second  ardies  disappear  and  take  no  part  in  the  con- 
struction of  the  vessels  of  extra-uterine  life.  The  fourth  left  and  part 
of  the  dorsal  aartk  root  between  the  fourth  and  fifth  imdergo  great  in- 
crease in  capacity  and  form  the  transverse  part  of  the  arch  of  the  aorta. 
The  ascending  portion  of  the  permanent  aortic  arch  is  thus  developed 
out  of  part  of  the  truncus  communis  arteriosus.  The  left  fourth 
vascular  arch  and  the  left  dorsal  aoi'tic  root  between  the  fourth  and  fifth 
give  rise  to  the  transverse  part  of  the  arch ;  while  the  descending  part 
is  the  continuation  of  the  left  primitive  aarta  downwards  into  the 
common  dorsal  aorta. 

The  fouiih  right  arch  and  the  ventral  and  dorsal  aortic  roots  between 
the  fourth  and  fifth,  become  transformed  into  the  innaminate  and  first 
and  second  parts  of  tlie  subclavian  artery.  The  left  subclavian  artery  is 
an  offshoot  from  the  left  dorsal  aortic  root  between  tlie  fourth  and  fifth 
arch.  The  third  part  of  the  right  subclavian  is  a  lateral  twig  of  the  right 
doi'std  root  between  tJie  fourth  and  fifth  arches. 

The  common  carotid  is  the  outcome  of  the  enlargement  of  the 
ventral  aortic  root  uniting  the  third  and  fourth  arches  ;  the  external  carotid 
is  a  dilatation  of  the  ventral  aortic  roots  uniting  the  first  and  second  and 
the  secoml  and  third  arches ;  the  internal  carotid  is  an  enlargement  of 
the  third  vascular  arch  and  of  the  dorsal  aortic  roots  between  th€  third  and 
."iecoml  ami  second  and  first  arches. 

The  fifth  right  arch  in  the  normal  coiu^e  of  events  vanishes  in  early 
embryonic  life,  and  the  right  dorsal  aorta  is  similarly  removed,  but 
sometimes  both  of  these  remain  open,  thus  giving  rise  along  with  that 
on  the  left  to  a  double  aorta. 

Malformation  No.  5. — There  is  a  double  aorta.  Both  aort» 
remain  pervious  and  communicate  above  either  with  the  fourth  or 
fifth  arch. 

The  fifth  left  arch  becomes  continuous  with  the  stem  of  the 
pulmonary  artery  derived  from  the  truncus  arteriosus,  and  is  mainly 
transformed  into  the  ductus  arteriosus  or  ductus  Botalli  conveying  the 
foetal  blood  from  the  pulmonary  artery  into  the  aorta.  From  the  con- 
cavity of  this  fifth  arch  two  branches  are  given  off,  the  right  and  left 
Ifulmonary  artery  stems.  When  the  extra-uterine  circulation  is  estab- 
lished the  ductus  Botalli  of  course  becomes  impervious. 

From  the  complex  manner  in  which  the  large  vessels  of  the  neck 
and  upper  extremities  are  evolved  out  of  the  above  embryonic  rudi- 
ments, an  infinite  number  of  variations  are  rendered  possible.  These 
need  not  be  further  detailed. 
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Malformations  due  to  Defective  Formation  of  the 
Genito-urinary  Apparatus. 

1090.  This  class  of  malformations  comprises  those  deviations  from 
I  he  normal  which  are  dependent  upon  irregular  evolution  of 

(1)  The  genital  glands  (testis  and  ovary) ; 

(2)  The  genital  canals  (oviducts,  utenis,  and  vagina) ; 

(3)  The  external  genitals. 


Fonnaiion  of  (he  Genital  'Jubf's  ami  Giamh. 

Early    in   the   course    of   development    there    projet^   from  the 
mesoblast  into  the  Iwy  or   angle  of    the    pleuro-{x>ritoneal    cavity  a 

y 


irtftii 


Vu..  '.■.;*..     >»•  IK'S  III    rm:  Intki.mum  \Tr.  ("»:i.i    Ma-^  ,,s  mi.  Koiinii  |>av 

(allft  W;iMiM'i.  ■  \M  I»l\M''.) 

(w)  Th«'  ni»"»»M,t.T\  :  (I.)  >..iii;il..i,|..iin* ;  (..  )  |i.iiti<>ii   ..I    IIm-  pMiiiiiial  ipitheliuin  ;  (:)  tlurt  <•{ 

MuIliT  ;  (")  till*  k'-ii.'l   i-iitiMii  of  till-  i^'.Miuiii.d  fpithfliinii  in  wliirli  tin*  }>ritnitiv««  ova  ({'  nini  ■  )ar- 

lyinj:;  (K)  tn-Hlifit-.l  Mi.-uM.t^t   wliicli  ^\ill  f.-nn  tlir  >ti..ii:;i  ..f  tin-  ovary:  (WK)  Wullfian  bi-l>  . 

(V)  WolttLiti  •ir.rr. 

cellulur  vuhfiv  known  as  the  intermediate  cell  mass.  It  is  com- 
|K)sc(l  of  niesoMastic  cells,  and  is  of  givat  impH'tunce  fn»m  the  fact 
that  it  is  within  it  that  the  genital  and  t'xcretorv  glands  and  caiiaU 
are  moulded. 

The  exrrrtorv  jilan<I  ap|Kiratus   in   the  enduyo  consists  of    three 

l>arts,  namely,  the  pronephros  or  head-kidney;  the  mesonephros 


CHAP,  xci  GENITAL  PASSAGES  AND  GLANDS  929 

or  Wolffian  body ;  and  the  metanephros  or  rudimentary  per- 
manent kidney.  They  are  never  functionally  active  at  the  same 
time,  and  the  pronephros  is  the  first  of  the  three  to  be  developed. 
The  pronephros  seems  to  be  a  much  more  active  excretory  organ  in 
low  types  than  it  is  in  highly-organised  vertebrates,  so  that  in  the 
mammalia  it  is  mostly  a  rudimentary  structure.  Renal  excretory 
functions  are  mainly  effected  by  means  of  the  Wolffian  body. 

The  first  rudiment  of  the  various  genital  and  excretory  gland 
structures  to  show  itself  is  a  cord-like  column  of  cells  running  in  the  long 
axis  of  the  embryo  and  primarily  occupying  a  dorsal  position  in  the 
intermediate  cell  mass.  When  traced  back  to  its  earliest  state  it 
appears  to  be  the  result  of  a  delami  nation  of  the  epiblast  whereby  the 
ridge,  after  having  severed  its  original  connection  with  the  epilalast, 
is  pushed  into  the  intermediate  cell  mass.  Later  on  it  is  scooped 
out  into  a  channel  which  goes  by  the  name  of  the  segmental  or 
archinephric  duct.  This  segmental  duct  is  in  communication  with 
the  pronephros  anteriorly,  and  posteriorly  opens  into  the  cloacal 
junction  of  the  intestine  and  allantois.  It  shortly  afterwards  splits 
into  two,  the  Mullerian  and  Wolffian  ducts. 

In  elasniobranchs  the  splitting  is  continued  throughout  the  entire  length  of 
the  duct.  A  solid  offshoot  is  projected  ventrally  from  the  common  channel,  which, 
Iwcomhig  hollow,  constitutes  the  Mullerian  duct.  In  the  higher  vertebrates  (fowl, 
Halfour  and  Sedgwick)  the  anterior  end  of  the  Mullerian  duct  is  the  product  of  an 
involution  of  the  peritoneum,  while  the  posterior  part  alone  is  an  offshoot  from  the 
segmental  duct. 

The  Wolffian  body  possesses  a  tubular  structure  not  unlike  that  of 
the  permanent  kidney.  The  Wolffian  duct  is  in  communication 
with  it  anteriorly,  while  posteriorly  it  discharges  into  the  common 
cloacii. 

The  MuUer's  ducta  open  in  the  anterior  (superior)  abdominal 
region  into  the  peritoneal  or  body  cavity,  while  posteriorly  they 
communicate  with  the  cloaca,  and  later  on  with  the  anterior  sub- 
divided part  of  the  cloaca  known  as  the  uro-genital  sinus.  The 
peritoneal  openings  are  at  first  three  in  number,  but  only  one  of  them 
remains  permanently  open.  It  is  represented  in  adult  life  by  the  free 
opening  of  the  Fallopian  tube.  A  remnant  of  another  opening  is 
probably  to  be  foimd  in  what  is  known  as  the  female  hydatid,  a 
vesicular  body  attached  by  a  long  pedicle  to  the  fimbriated  extremity 
of  the  tube.  It  has  been  said  that  the  triple  opening  of  the  duct 
anteriorly  is  the  sole  representative  in  the  higher  mammals  of  the 
pronephros  or  head-kidney. 

In  course  of  time  a  third  tube  appears.  The  lower  end  of  the 
Wolffian  duct  becomes  expanded,  and  a  diverticular  segment  is  cut  off 
from  the  hinder  part,  which  subsequently  separates  and  is  con- 
verted into  a  tube — the  permanent  ureter.  It  forms  before  the 
metanephros  or  kidney  proper  comes  into  existence.     Posteriorly  it 
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opens    into    the   alJiuitois,  while  anteriorl j    it  developH   niimWns  <>f  ^ 
swellings    with    tubules    growing    out    from    theiii.       Th<^«c    tubule*  ! 
burrow  into  the  blastema  which  constitutes  the   rudinient^iry  hnsu  of 
the  kidney  ami  euimlilnie  thf  tubules  of  the  perniiinrnt  kidney. 

At  a  certain  {it^riod  of  development  both  the  mule  and  female  glaiidi 
are  present,  so  that  the  embryo  to  begin  with  is  a  true  heri] 
Later  on  one  or  other  disaj)pears  according  to  the  sex, 

(hi  the  ventral  aspect  of  the  intermediate  eell  mass  the  laT 
layer  of  celb  becomes  thicker  than  eUewhere.     Certain  of  I 
also  enlarge,  assume  a  rounded  shape,  iuid  sink  deeply,     llsey  Itcct^m^l] 
the  future  ova,  and  l»y  a  thickening  of  the  mesoblustic  tissues  al  the" 
jK)int  where  they  penetrate,  the  rudiments  of  the  itrama  of  the  awmij 
are  laid  down 


4m  fO. 


On  the  dors.ll  and  inner  aapect  of  the  same  nuias  erf 
ifiangad  in  rows  with  septa  of  connective  tissn<^  between  thdn  as« 
Id  be  seen.     The  rows  of  cells  liecome  the  seminal  tubes,  ami 
eotinective  tiBsue  remains  as  the  stroma  of  the  testis. 

The  Wolffian  duct  in  its  future  propesn  bt-comos  chiefly  a  male  I 
pendmge.      It  \»  ronvertcd  into  the  vas  deferens  and  eonimon  ejacii 
doct ;  while  the  vesicuke  seminales  are  developed  out  of  dtYertieillar* 
prolongations  from  it. 

In    the    femak%  on    the   other  hand,   it    in    gre^it    |Kirt    bocoi3i« 
effete,  the  only  reuuiant  of  it  being  the  canal  of  Gartner . 

The   Wolffian   body  divides   into    a  posterior    or   renal 
anterior  or  sexual  portion.     In  the  female  the  renivJ  jMjrtiofi  dej^e 


CHAP.  XCl 


GENITAL  PASSAGES  AND  GLANDS 


931 


into  what  is  known  as  the  paroophoron,  while  the  sexual  portion  is 
converted  into  the  parovarium  (see  p.  423).  In  the  male  the  renal 
portion  becomes  the  organ  of  Giraldte,  the  sexual  gives  origin  to  the 
greater  part  of  the  epididymis. 


Further  Development  of  the  Genito-  Urinary  Organs  and  the  corresponding 

Malfonnations. 

The  Miillerian  ducts  anteriorly  (superiorly)  open  into  the  peritoneal 
cavity  by  free  extremities.     Posteriorly  they  become  continuous  with 


Fig.  555.— Scheme  of  Uteruh  (et  Vaoina)  Bipaktitis. 

(S)  8«ptuui  dividing  utcritx  into  two  cavitieH  (n,  u)  aiid  vagina  into  a  double  iiasiuge  (V,  V) ; 
{t,  t)  Fallopian  tubes. 

the  allantois  cloaca.  The  two  ducts  at  first  enter  the  cloaca  separately 
and  are  enveloped  in  a  quantity  of  mesoblastic  tissue,  which  binds 
them  together  into  what  is  known  as  the  g^enital  cord  of  Thiersch. 
They  subsequently  fuse  at  their  extremities,  and  for  some  distance 
upwards.  Out  of  the  single  tube  resulting  from  their  fusion  the 
vagina  and  uterus  are  evolved,  while  the  portions  of  the  duct  beyond 
the  point  where  the  fusion  has  occurred  become  fimbriated  at  their 
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extremities  and  converted  into  the  Fallopian  tubes.  Certain  malfor- 
mations of  the  vagina  and  uterus  arise  from  a  varying  amount  of 
junction  of  the  lower  ends.     They  are  as  follows : — 

(1)  The  fusion  may  have  occurred  at  a  point  too  low  down,  in 
which  case  the  uterus  possesses  a  double  horn  (utenis  bicornis). 

(2)  The  ends  of  the  tubes  may  have  been  l)Ound  together  in  the 
genital  cord,  but  an  absorption  of  the  adjacent  walls  has  not  followe*!. 
A  septum  consequently  divides  the  channel  of  the  utenis  and  vagina 


FH..  .'<'m..       l)lA<.K.\yM\TI<     S  HKMK   «)K  TIIK    I'aIITM  «  ONrKllNKD    WITH    TIIK    DkVKLoPMKNT  oI"   IKI 
t»KMI<»-L"KINAUV    AMI    Hn  TAL    PASHAOKM    AT    AN    EaKLY    PkRIoIi   OK    EmBRYoNR     |,|»|. 

(It)  ll'Ttuiii  :  (U)  lowtT  Ittft  uf  ullaiitois  o)iiMtitutiiig  tlu'  future  bla<1<lfr.  Both  of  tlifnx-  i-i**!. 
Into  til.' iiji  Vft  un|«»*rforat«il  «loiu-a  ((') ;  (m*)  urHchuN  ;  (»i//,  mJ)  thr  two  Muller'ti  «liictH  :  (•H>tli'' 
tlir*-*'  \<itU  of  the  Woimaii  »MM|y  ;  (h)  untfr ;  (»'•*/)  Wolfllau  .lurt;  (n)  c«4ilf.HC«?nc»«  of  th«>  MJIff 
ilurtsto  cjii-iittitt?  ut«TUs  uiul  vat;ina  ;  (»)  K«*"»tal  •MiiirM-nce  :  (i;/)K«'uital  fold  ;  (S)  thv  JMrptniii  wlurli 
ha-*  ii'-t  .'IS  >«t  .lr!.o'inlr«l  to  Milxlividr  tin-  cl'wca  into  tin-  aliuimtary  iiasfijipf  iH'hiiul  thf  >:•«!. t-- 
uriiiar\  in  Imiit. 


into  two  (uterus  vi  va«;iiia  soi)tis,  bijKirtitus,  or  biloculans).  In 
sonic  cases  the  vagina  ale  me  is  so  divided. 

(3)  The  parts  of  the  Miiller's  duets  which  go  to  form  the  utoru* 
niav  have  n*niained  sejKU'ate,  but  only  one  of  them  has  enlargeil,  while 
the  other  has  n'inaine<l  simply  as  ])art  of  the  Fallopian  tuln?.  The 
malformation  is  known  as  uterus  unicornis. 

(I)  In  other  instances  still  the  vagina  may  alone  have  develoiRnl, 
the  fMirts  which  go  to  form  the  uterus  remaining  unexi)anded.     The 
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uterus  consequently  is  absent  or  rudimentary,  and  the  tubes  come  off 
directly  from  the  vagina. 

Uro-genital  Sinus  and  Rectum. — Up  till  the  seventh  or  eighth 
week  of  intra-uterine  life  the  genital,  urinary,  and  intestinal  tubes  open 
into  a  common  blind  extremity  or  cloaca.  The  alimentary  canal  opens 
dorsally,  the  allantois  ventrally,  and  the  Wolffian  and  Miillerian  ducts 
laterally.  A  septum  of  mesoblast  now  grows  downwards  which 
sulxlivides  the  common  cloaca  into  an  anterior  and  a  posterior  passage. 
The  posterior  jmssage  is  the  rectum,  the  anterior  the  uro-genital  sinus. 


FUJ.  567.— DlAORAMMATlC  SCHEME  OF  THE  TRAS«FORMATIONa   UNDERGONE  BY  THE  PaRTS 
KEPRJaENTED   IN    FltJ.    5.>6   IN   THE  CASE  OF  THE  FEMALE. 

The  flcptuin  (S)  has  now  dosceiideil  so  as  to  separate  the  rectum  (R)  from  the  \'ag1na  (V)  and  to 
•Constitute  the  perineum  below;  (B)  bladder  with  obliterate<l  urachus  (hc)  above ;  (ii)  ureter;  (k) 
Vi'lney ;  (r)  genital  eminence  cnnverte<l  into  the  clitoris  ;  {Im)  genital  fold  now  become  the  labium 
>n^uri ;  (U)  utenis  formed  by  the  coalescence  of  the  two  Miiller'a  ducts,  now  the  Fallopian  tubes. 

The  latter  is  so  called  because  the  allantois  and  Midler's  ducts  open 
into  it. 

The  depression  in  the  epiblast  known  as  the  proctodeum  is  form- 
ing about  the  fifth  week,  or  shortly  before  the  cloacal  septum  begins 
to  show  itself.  It  perforates  the  skin  covering  the  cloaca  about  the 
§ixth  week,  and  allows  the  latter  to  oj)en  externally.  The  cloacal 
s*eptum,  however,  which  is  being  pushed  more  and  more  downwards, 
comes  to  divide  the  proctodaeum  into  an  anterior  and  a  posterior 
uperture.  The  posterior  aperture  is  the  anus,  the  anterior  is  the 
external  opening  of  the  uro-genital  sinus,  while  the  septum  between 
becomes  the  female  perineum. 
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External  Organs  of  Generation. — Wljile  thfsc  transfonnations 
have  been  ^oiug  on  in  the  internal  parts  connected  with  the  genilo- 
iirinaiy  organs,  the  external  organs  of  generation  have  also  Kth 
advancing  in  development. 

There  forms  iji  front  of  the  nro-genital  sinus  a  little  conical 
eminence  (genital  eminence)  which  as  it  increases  in  sua*  l>ecome^ 
grooved  on  the  nnder  surface.  This  is  the  rudimentary  peniS  or 
clitoris  according  to  the  Bex.  There  also  rise  up  two  ridges  of  in- 
tegument  J  one  on  either  j^itle  of  the  urogenital  siruis,  which,  in  the 


wdl 


FlO.  568.—  DtAORAMVATIC  BcllCMK  OF  TMC  TlUNSPOAMATlftNiHi  lit IiCROOKE  BT  TOE   pA1lT«i 
HEPltR.4FNTiCrt    IK    FlO.    5M   l!«   TQK  CajsC   Uk   THE   MALR. 

(R)  Ri^ctiim  :  <n>  blnrUlcr  with  th«*  nro-gpn jtal  sintm  (o)  fDniiiiig  the  tint  p»rt  of  Uif  iirrtlir*,  Tlie 
«iut1#d  line  in  eontinualiuu  of  this  n*pn?apiiLs  tlie  jiffxivt-  on  the  ninlfT  fttpeet  of  the  jw^iia,  by  the 
diming  in  of  which  the  antifriur  jNirt  of  the  uretlira  \b  c^'ii-itltnt^i :  (ue)  nnchtis  In  a  «Utr  nf 
oblitemtfon  :  (m)  iirfter ;  (Jl)  kidney  ;  {/>  t*'»nelc;  0*\l}  Wnhtiim  dnctnow  forming  the  vm  defrx«9i> : 
(S>  ftpptiuii ;  (a)  gfnltAJ  ti)h\  \wvi  con  vert  *^1  iTit4.t  the  "lomliinK    Th^  MiiUtTis  ilnct-s  hai^  vani^bM, 


case   of  the  male,   coalesce   in  the   middle   line  to  give  rise   to  the 
scrotum,  Lut  in  the  female  remain  ajmit  as  the  labia  majora. 

In  ihtt  timk  the  groove  on  the  rnider  surfaee  of  the  penis  closes  over, 
to  form  a  canal,  the  anterior  part  of  the  urethra,  continuous  with  the 
nro-genita.1  ^inns.  The  sinus  itself  contn^cts  do^vn  to  con8titul<?  the 
posterior  piirt  of  the  nrethra,  and  is  continuous  with  the  allantoic,  the 
lower  end  of  which  becomes  urinary  bladder.  The  remaining  part 
of  the  allantois  within  the  hody  l»econies  the  urachus^  and  this  under- 
goes riljliteralioTi.  The  Wultha/i  <lncts  remain  jvitent  *ij>  the  vas 
deferens  and  common  ejaculatory  duct ;  while  the  loMer  emls 
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of  tho  ^liiller'a  ducts  become  the  prostatic  sinus,  and  the  mesu- 
l»lai^tie  tissue  Mnmrui  them  (genital  conl)  the  prostate  it.^ell 

In  the  ff'tnatf  the  progress  of  develo[mieiit  is  alike  with  that  in  tho 
male  up  to  the  point  whert»  the  riulinienUiry  pt^iis  (clitons)  is 
developed  with  the  fokls  of  integument  on  either  side  of  the  urogenital 
sinus.  Bui  here  the  resemblnnce  ceases.  The  jwuis  is  arrested  in  its 
evolution  and  becomes  the  clitoris.  The  anterior  part  of  the  m-ethra, 
that  fjart  which  in   the  male  is  constitut.ed  by  the  infolding  of  the 


n— i 


ir   \ 


--w 


m— ' 


FiCJ,  6^.— TftCE  HKElMjlt»«Bf»MTK. 

(rt) GtaBM  pttiilM  tICn  ff)  cortiom cKYfunosa ;  (c)  eorp.  C!«i vonifwiitiu  caniiliK  uro-geiiltftUM ;  {d)it9  bulb ; 
C«)  Its  antpriur  Unib ;  (J)  pam  luetubrauac^ii  cjnialU  urti-jjcririiuliw  ;  {h,  h)  lobei  or  the  proatate  ;  (t) 
l4nn»ry  bbd<l(ir :  (k)  nifttrii ;  (/)vaKi}i& ;  (m)  iitenm ;  («')  fun^ltm  tiU-ri ;  (c*.  h)  tubw  ;  (/»,  p)  inflinrii- 
\mU  of  i«ftm<*:  in%  V)  "Vitries;  {ij\  i()  ligiinMtiit»  uv&rii  \  (r)  riitlit  tt-sitlclf  ;  (j>  left  t««ticle ;  (I)  left 
|MLn>vtiHtitu  ;  («)  rl«lit  pttitmiiinm  ;  (i-)  liyiUtid  of  lrtit<»r ;  (;*,  v)  vt'ShelNi  of  stfxniil  e^Ufuiv  ;  (y»  x) 
rmttiid  ItgnniufiU;  (y.  y)  broiul  llgnitii'utM  ;  {*)  nnitteular  Ubrf  of  bladder  tud  itiigiDa  golti^  U>  wall 
^fpelria. 


►re  on  the  under  aspect,  is  entirelr  wanting,  the  fthort  urethra 
ing  simply  an  extcTLsion  of  the  neek  f)f  the  lihidder. 
The  uri>genital  sinus  remains  open  and  expands  into  the  vesti- 
bulum,  while  the  cadesced  Mil  Iter's  ducts  are  pushed  downwards  as 
the  vagina  and  uterus*  The  folds  on  either  side  of  the  veati- 
Vnduin  become  the  labia  majoni. 

It  ia  evident  that  from   the  complexity  of  these  transformations 
ere  are  many  chances  of  their  failing  to  be  complotetL     As  a  mutter 
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of  fact  the  genitourinary  and  other  pelvic  organs  are  often  malformed. 
These  malformations  are  chiefly — 


(1)  Hermaphroditism. 

Definition. — By  an  hermaphrodite  is  meant  an  individual  ^w^ji^esiied 

of  the  male  and  female  genital  glands. 

Hermaphrodites  are  often  divided  into  two  classes — that  of  truc 

hermaphrodites,  where  the  person  is  bi-sexmil ;  and  that  of  false 

hermaphrodites,  where 
the  sexual  glands  are  single, 
and  where  the  external 
organs  of  generation,  merely, 
are  the  subject  of  the  mal- 
formation. 


True  Hei-mtiphroditisnu 

From  the  fact  that  the 
embryo  at  one  period  of  its 
development  possesses  lK>th 
sexiud  glands,  there  is  the 
jmssibility  of  the  condition 
I^Hsing  into  adult  life  ais  a 
permanent  anomaly.  A  penis, 
pr()st{ite,and  testicles  are  fom- 
Inned  with  ovaries,  tul»e-s  and 
uterus.  The  ovaries  occupy 
their  usual  {>osition,  and  the 
U*sticle8  lie  somewhere  in  the 
brcKid  Iig;iment,  or  may  have 
descended  into  what  corre- 
spond to  the  labia  majora. 
Sometimes  the  external  organs 
to  render  it  difficult  to  siiy  whether  the  indi^ndual 
>r  to  which  sex  the  person  most  inclines. 
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t;il  sinus  ;  (««•;•,  mr)  srn»tal 


/•  (f//.NV'  Jfcnntiji/f  I'iiddt'. 

Such  ;i  conibiimtion  of  the  two  sexes  in  one,  however,  is  rare. 
Much  more  eommotily  the  external  organs  of  generation  are  the  parts 
alone  afleeted.  The  subjects  of  the  malformation  are  always  malcft, 
but  the  eharaet<'r  of  the  malformation  may  Ik?  such  that  the  external 
organs  of  gerierati(m  come  to  resend>le  those  of  the  female. 

The  nialformjition  consists  in  the  scrotal  folds  of  integument  failing 
to  unite  in  the  middle  line.     The  s|)ongy  jwirt  of  the  urethra  is  aWnt« 
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the  penis  is  rudimentary,  and  the  iiro-genital  sinus  is  left  as  a  vagina- 
like orifice,  usually,  however,  of  small  size.     There  may  be  a  partial 
fusion  in  front,  in  which  case  the  aperture  left  may  correspond  merely 
to  that  of  a  lu-ethra.      The  testicles 
remain  in  the  abdomen  or  slip  down 
into  the   scrotal   folds.      Micturition  .^ 

takes    place    of    course    through    the  / 

more  or  less  transformed  uro-genital  / 

sinus.  / 

(2)  Hypospadia  and  Epispadia.  / 

Sometimes  the  lu-ethral  groove  on 
the  under  surface  of  the  penis  is  only 
partially  covered  in,  or  terminates  in 
an  aperture   at   a   point   behind    the  ^ 

glans  penis.     The  condition  is  known 
as  hypospadia. 

A  similar  aperture  or  a  groove  com- 
municating with  the  urethra  is  some- 
times found  on  the  dorsum  penis.     The  defect  goes  by  the  name  of 
epispadia.     Its  cause  is  not  very  apparent. 


Fio.     501.  —  Pkxis     of     Hkrmaphroditk 
sHowiN(»    Orifke    ok     LFrethra    ok 

rXDER   AhI'ECT. 


(3)  Atresia  Ani. 


There  is  a  series  of  malformations  accounted  for  by  a  failure  to 
oomplete  the  apertures  of  exit  of  the  intestinal  canal.      They  are 
sometimes  known  by  the  above  generic  title, 
and  are  as  follows  : — 

(rt)  Allantois  Cloaca.  —  This  virtually 
corresponds  to  the  condition  of  parts  in  the 
fourth  week,  namely,  where  the  gut  and  the 
uro-genital  passages  open  into  a  common  space  • 
or  cloaca,  and  where  the  integument  remains 
imperforate.  The  large  intestine  is  usually 
absent. 

{h)  Common  Open  Cloaca. — Represent- 
ing as  this  does  a  stage  still  further  advanced, 
the  cloaca  is  perforate,  but  the  septum  has  as 
yet  not  separated  the  alimentary  from  the  iu*o- 
genital  passages.  From  the  fact  that  it  is  the 
permanent  condition  in  many  of  the  lower 
animals,  it  might  be  supposed  to  be  a  common 
defect  in  Man.  This,  however,  is  not  the  case ; 
it  is  one  of  the  rarest  malformartions  of  these  parts. 


Fir..  502.— Epispadia. 
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(c)  The  gut  opens  into  the  genito-urinary  passages.  The  septum 
has  grown  down  so  far,  but  not  sufficiently  to  shut  off  the  two  passages 
completely,  and  the  anus  at  the  same  time  is  imperforate.     The  bowel 


1. 


2. 


3. 


4. 


VUi.    '•*''3.'    Foril    l)lAf.K\MMATlr   .S<  HKMIX    II.MXTR  \TIN«.    THK   i'Ult.T  MAl.roKMATIOXri  nr   THI 

rKi.Vir   (MuiA\;>. 

1.  AlhiiitoiH  rl'rtcu.      (It)  IUa«ii|*'r,  (T)  utmis.  aii<l  (H)  nH-tuiii  (»i>enlii^'  into  tlie  imiMTrmt**!! 
cltMira  (<> 

•_'.  (Miiiiiion  tt\m'u  clitfir.'!.     (H)  Hhi'Mi'V,  (l)  utiTu«i,  and  (It)  n-ctunj  (*}MMiin;:  int<»  o|ien  rl<«ca  (Ck 

3.  Atn-Hi.i  ani  tmlhnili'i.     (IJ)  HIa«l<l«T,  (I')  \^*^uin,  aii«l  (L)  tirrtliia,  Uie  rrctiuu  (K)  opt'iiitiK  ititti 
tli«'  tu-it  iieiit  «»f  \U*'  niftlira. 

4.  Ati—.i.»  am  •.inipltx.     (IJ)  IJlml<l»T,  (I')  iK'ni-*,  iri«l  (U)  un'thra.     Tin*  liowel  (K)^Q<Ia  in  a  blii.-l 
I'Xtirniity. 


opons  iiitri  the  nock  or  Ikiso  of  the  bhulder,  and  tlie  fiecal  disi'harge  take* 
place  jMT  urethiiim.  Acc(H'din«;  to  the  iM)int  af  <'<mnnunication  the  definrt 
iH  recognised  as  atresia  ani  vesicalis  or  atresia  ani  urethralis 
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In  a  second  class  of  cases  the  point  of  exit  is  in  the  raph6  scroti. 
Both  classes  occur  in  the  male  sex.  In  the  female  the  gut  may  open 
into  the  vagina  in  close  proximity  to  the  hymen.  In  the  vesical  forms 
of  the  disease  the  aperture  is  so  narrow  that  the  subject  of  it  soon  dies 
from  faecal  retention.  In  any  case,  where  the  communication  is  with 
the  urinary  passages,  the  condition  proves  fatal  usually  within  a  few  days. 
The  opening  into  the  vagina  is  often  wide,  and  defecation  through  the 
genital  passages  may  remain  as  a  permanent  defect  into  adult  life.  As 
a  rule  there  is  no  sphincter ;  in  a  few  instances,  however,  such  has 
l)een  found. 

Atresia  Ani  Simplex. — The  septum  has  been  completed  and  the 
two  sets  of  passages  are  distinct,  but  the  anus  remains  imperforate. 
The  bowel  ends  in  a  blind  extremity. 


Incomplote  Development  of  the  Individual  Parts 
OF  THE  Body. 

1091.  (1)  Amelus  (fi€\os,  a  limb). — Failure  of  all  the  ex- 
tremities. They  may  be  represented  simply  by  wart-like  protuberances. 
The  child  often  grows  up  into  adolescence  or  it  may  be  old  age. 

(2)  Peromelus. — All  the  extremities  stunted  or  misshapen. 

(3)  Phocomelus  (phoca,  a  seal). — The  hands  or  feet  are  well 
formed,  but  rest  sessile  upon  the  shoulder  or  hip. 

(4)  Micromelus. — Extremities  well  formed,  but  unusually  small 
in  all  parts.  It  may  be  the  upper  or  lower  limbs  which  are  the  seat 
of  the  defect. 

(5)  Abrachius. — Entire  absence  of  the  upper  extremities,  while 
the  lower  are  well  enough  evolved. 

(6)  Perobrachius. — The  upper  arm  is  normal,  while  the  fore- 
arm and  hand  are  stunted. 

(7)  Microbrachius.  —  Arms  well  proportioned,  but  unusually 
small. 

(8)  Monobrachius. — Failure  of  one  upper  extremity. 

(9)  Sympus  (siren). — The  inferior  extremities  are  bound  to- 
gether, it  may  be,  by  a  web-like  appendage  of  integument ;  the  feet  are 
turned  outwards  or  are  absent ;  and  there  is  usually  some  deformity 
of  the  pehic  bones.  The  external  genitals  sometimes  are  devoid  of 
apertiu'e ;  the  anus  is  almost  always  imperforate. 

(10)  Apus. — Failure  of  lower  extremities. 

(11)  Monopus. — One  lower  limb  absent,  often  accompanied  by 
some  abnormality  of  the  pelvic  bones. 

(12)  Peropus  and  Mikropus. — Defective  development  or  im- 
usual  smallness  of  one  or  l)Oth  lower  extremities. 

(13)  Achirus  and  Perochirus. — Absence  or  stunted  growth  of 
hand  or  foot.     This  is  a  rare  deformity. 
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(14)  Perodactylus  and  Syndactylus. — Stunted  development 

and  web])ing  of  the  fingers. 

(15)  Individual  bones  may  l)e  absent  Those  which  are  most  at 
fault  are  the  patella ^  fihxda^  radius,  dande,  scapula^  and  the  bones  of 
a  finger.  The  pelvis  is  often  unusually  small,  although  all  its  Ijonet 
may  be  present. 

Multiple  PRi^rTNAXCY. 

1092.  It  is  a  <]uestion  whether  all  cases  of  multiple  pregnancy 
are  to  l)e  traced  to  the  same  cause.     It  has  Iwen  supix)8cd — 

(1)  That  several  ova  may  l>e  discharged  from  a  Gi'aafian  vesicle ; 

(2)  That  several  Graafian  vesicles  may  burst  at  the  same  time  ; 

(3)  That  a  fertilised  ovum  may  l)ear  several  germinal  areas; 

(4)  That  the  single  germinal  area  may  split  into  two  or  more 
l>art^5,  e«ich  l>ecoming  an  indeiHindcnt  individual. 

There  are  arguments  in  favour  of  eiich  possibility.  Thus  the 
ovary  often  contains  sevend  corjxjra  lutea ;  and  it  is  now  pretty  well 
concluded  that  double  and  triple  monsters  result  from  the  partial 
cleavage  of  a  single  germinal  area,  an  observation  which  would  tend 
to  support  the  last  of  the  alK)ve  |)08sibilities. 

In  the  loAver  animals  what  is  called  SUperfoetation — that  is  to 
say,  impregnation  of  two  ova  discharged  at  different  times,  often  takes 
pbice.  It  is  common  in  the  sheep,  but  has  not  as  yet  been  distinctly 
proved  to  occur  in  Man,  and  hence  may  Ik?  excluded  as  a  ]K>ssible 
cause. 

Of  Jill  explanations  that  which  supposes  a  rnwpleie  deavatje  t>f  n 
siH'jlf  hbiMinhrui  is  the  one  Avhich  has  the  greatest  measure  of  sup|)ort 
from  obs<Tved  facts.  Partial  cleavage  is  so  common  a  defect  that  we 
are  almost  forced  to  conclude  that  it  represents  the  arrestment  of  a 
natural  ])honomenon. 

In  twin  ])irths  the  relationship  of  the  placenta  and  membranes 
is  not  always  alike.     The  commonest  varieties  are  as  follows  : — 

( 1 )  Complete  8e])iiration  of  the  placenta'  and  membranes. 

(2)  Chorion  and  ])lacenta  double,  )>ut  united  where  they  come  in 
contact  ;  only  a  single  decidua  n'flexa. 

(3)  Placenta,  chorion,  and  reflexa  in  common.  The  vessels  of  the 
umbilical  cords  anastomose  in  the  placenta,  and  the  twins  are  of  the 
s;inH'  sex. 

(4)  Where  in  a<ldition  to  the  arrangement  present  in  No.  3  there 
is  also  a  double  amnion. 


DurnLK    AND   TkITLK    M<»NSTn<)SlTIE.S. 

lUlK*^.   .Mthougli   there  have  been  many  theories  to  account  for 
these   malformations,  the  one   Avhich    is   universally  accepted  at  the 
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present  day  is  that  which  implies,  to  begin  with,  a  single  blastodermic 
area.     This  suffers  incomplete  cleavage. 

In  classifying  them  attention  should  be  directed  in  the  first  place 
to  whether  the  vertebral  column  and  skull  are  partially  or  completely  separate. 
If  they  are  not  perfectly  distinct  the  next  point  to  examine  is  whether 
the  duplicity  lies  anteriorly  or  posteriorly^  Avhether  it  affects  the  head  or 
tail  end  of  the  axis  or  both. 


FUi.  ii(V|.— DiLEPIIALlM. 


If  the  axis  is  i)erfectly  cloven  the  individuals  Avill  be  found  to  bo 
adherent  by  some  jxirt  of  the  lx)dy.  They  may  be  of  equal  size,  or 
the  one  may  be  so  much  smaller  and  more  stunted  than  the  other 
that  it  looks  like  a  parasite  rather  than  an  independent  being.  In 
other  cases  the  parasitical  twin  may  be  included  in  the  body  of 
the  autosite  as  a  shapeless  tumour-like  mass.  Sometimes  it  happens 
that  the  cleavage  affects  the  rudiments  of  individmil  jwrts,  and 
it  ought  to  be  noted  that  when  this  is  so  the  earlier  the  i)eriod  at 
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which  the  cleavage  takes  place  the  more  disastrous  ite  effect.  The 
following  table  Anil  show  at  a  glance  the  diiferent  degrees  of  this  kiml 
of  monstrosity  generally  recognised  : — ^ 

(a)  Cleavage  affecting  the  uxdifferkntiated  Embryo. 
(A)  Complete  Cleaiwje  of  Axud  Structures. 

1094.    1.  Development  of  twins  equal. 

I.  Thoracopagus  {infyvvfii,  to  bind). 
(a)  Xiphopigus. 

(h)  Sternopagus. 

(r)  Prosopo  -  thoracojiagus,  cephalo  -  thoracopagus,    or  synce- 

phalus. 
(J)  Janiceps. 

II.  Cnmioiiagus. 

III.  Ischioimgus. 

2.   Development  of  tAvins  unequal. 

I.  Acardiacus  (amorphus,  mylacephalus,  acephalus,  acomius^  etc. ). 

II.  Thoracopagus  |)arasiticus. 

III.  Epignathus. 

IV.  Teratoma. 

V.  Inclusio    fietalis    (alnlominalis,     8u1)cuUinea,    mediastinaliit, 

cerebnilis,  tcsticuli,  etc.). 

(H)  Partial  i'haiwjr  of  Ajrinl  Structures. 

1.  Duplicitas  anterior. 

I.  Double  pituitary  ImkIv. 

II.  Clt'fts    of    the     face    and    duplitation   of    the    mouth,    etc. 

(diprosopus,      distomus,      diophthalmus,      triophthalmus 
tetrophtlialmas  triotus,  tctrotus,  etc.). 

III.  I)itf|)hahis. 

IV.  lV^'npi«;us. 

2.  Dupliritas  posterior. 

Di|»ypis,  drava^o  of  crM?cyx  or  of  other  jwrt-s  of  the  pelvis. 

(C)    Mulfiplf  ('havnijr. 

Triccphalus,  or  it  may  be  both  the  head  and   tail  ends  simultane- 
ou.'jly  bitiil  (Kliarhipa^nis). 

*  Tin*  awtlior  1m-::-  t«»  a-  knowliMliri'  hi>  iihlil.trdiu'NS  in  ilrawinp  ii]>  thij*  table  t**  X\.e 
rx»-«'ll«i»t  •.uiiiiM.iry  of  iIh'si.  mal  format  ions  ^zivi-n  l»y  Zu^'U-r  {'So,  337,  ji.  33)  and  hy 
Hiicli-lIir-chffM    No.  117,  p.  213,. 
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(P)  Cleavage  affecting  the  Rudiments  of  Individual  Parts. 

I.  Duplication  of  limbs — polydactylism,  etc. 
II.  Duplicate  mammary  glands — polymastia. 

III.  Supernumerary  bones  and  muscles. 

IV.  Duplication  of  viscera. 


Fio.  565.— TnoRACoPAmTH. 


Thoracopag^US. — By  this  is  meant  a  condition  in  which  the 
foetus,  completely  separated  axially,  are  united  by  some  part  of  the 
thorax.     In  some  instances  the  heads  are  also  confluent,  the  terms 
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prosopo-thoracojiagus,  Jaiiiceps,  etc.,  being  applied  to  the  deformity. 
In  Janiceps  {Januii,  the  siin-god)  the  faces  are  placed  opposite  each 
other.  Where  the  union  is  by  a  band  op|x>site  the  xiphoid  cartilagts 
as  in  the  Siamese  t>%ins,  the  condition  is  known  as  a  xiphopagus ; 
when  the  sterna  represent  the  point  of  junction,  as  a  Sternopag^US. 

Craniopag^S. — Where  the  tAvins  are  Iwund  by  the  head  alone. 

IschiopagUS. — Where  the  axial  clwivage  is  complete,  but  where 
the  two  i>elves  are  fused  in  a  single  girdle,  the  sacra  being  placed 
opposite  each  other. 

Acardiacus. — Where  the  development  of  the  one  twin  is  much 


Kn..  '>*'<>':      Xll'H«>|'A«.l  « 


Ix'low  that  of  the  other,  and  whnv,  ani()ii<;  other  things,  the  heart  is 
wanting.  In  the  variety  known  as  J.  (nnnrjiJnts  the  autosite  is  a  men* 
8ha|K'h*ss  hunp  covered  by  skin,  without  head,  extremities,  or  genitals. 
In  A.  niylacephalus  the  head  end  is  re|)resent«Hl  by  a  hook-like  prtxvss, 
smooth  or  covered  with  hair.  In  A.  acephalus  oidy  the  lower  |»rt 
of  the  IkkIv  is  developed  ;  in  A.  acomnis  the  oi)i)osite  condition  pre- 
vails, namely,  fair  development  of  head  and  face  but  p4)sterior  end 
wanting. 

Thoracopagus  Parasiticus. — The  autosite  hangs  as  an  ap]>end 
age  usimlly  from  the  neighlM»urh(KKl  of  the  ensifonu  cartilage. 
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Epig^athus. — A  shapeless  lump  embedded  generally  in  the 
lower  jaw. 

Teratoma. — ^A  mere  tumour-like  mass  made  up  of  simple  tissues. 

Inclusio  Foetalis. — Where  the  parasite  is  hidden  in  the  body  of 
the  autosite. 

Double  pituitaxy  body  is  the  least  degree  of  anterior  cleavage. 


FlO.  508.—  IHCHIOPAGU8. 


FlO.  567.— C'RANIOPAOUU. 


FlO.  560.— Pelvis  ok 

I8CHIOPAOUH. 


Dicephalus. — Where  the  anterior  cleavage  of  the  axis  goes  so 
far  that  there  are  two  distinct  heads  and  a  single  vertebral  column. 
Sometimes  the  vertebral  column  is  also  double  for  a  certain  distance 
downwards. 

Pjrgropag^S. — This  represents  the  greatest  extent  of   anterior 
VOL.  II  3  P 
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cleavage.  The  twins,  as  in  the  so-called  '*  Two-headed  NigfatingiJe,*' 
are  united  merely  by  the  sacrum  or  coccyx  (Fig.  570). 

Dipygus. — By  this  is  understood  an  amount  of  posterior  deavage 
sufficient  to  furnish  a  double  pelvis. 

Tricephalus. — A  very  rare  malformation.  The  three  heads  arise 
from  a  single  rhachis. 

Polydactylism. — Multiplication  of  the  fingers  or  toes  is  one  of 
the  commonest  malformations  implying  cleavage  of  a  part  As  before 
stated,  it  is  often  hereditary. 

Of  all  the  viscera  liable  to  duplication  the  spleen  stands  pre- 
eminent. A  small  lymph-gland-like  spleen  is  often  met  vrith  as  an 
appendage  to  the  main  organ. 


Srrus  Transversus. 

1095.  By  this  is  meant  a  remarkable  malformation  in  which  the 
position  of  the  viscera  on  the  right  and  left  sides  of  the  body  is 
transposed. 

Talii»E8  (club-foot — talu^  the  ankle  ;  and  pedare^  to  foot). 

1096.  There  are  four  recognised  forms  of  club-foot  — namely,  T. 
tHjuinus,  T.  varus,  T.  valgus,  and  T.  calcaneus.  These  varieties  are 
often  combined,  the  most  notable  being  T.  efjuino- varus,  T.  equino- 
valgus,  T.  calcaneo-varus,  and  T.  calcaneo-valgus. 

T.  Equinus  (tip-foot). — The  deformity  is  originally  due  to  a  purely 
musculo- tendinous  defect,  the  tendo-Achillis  and  muscles  of  the  calf  of 
the  leg  being  the  piirts  at  fault.  These  are  contracted  in  such  a 
manner  as  to  draAv  the  foot  upwards,  and  to  cause  the  indixidual  to 
walk  on  the  outstretched  toes  and  ball  of  the  foot.  In  some  cases  the 
condition  is  acquired  as  a  result  of  infantile  {xaralysis,  and  in  such  cases 
is  combined  with  T.  varus. 

In  cours<!  of  time,  however,  the  bones  become  deformed.  The 
astrapilu.s  is  diminished  in  size  and  the  articular  surfaces  are 
jKirtially  deprived  of  cartilage,  Avhile  new  articular  facets  form.  The 
articular  facet  of  the  astnigiilus  Avith  the  scaphoid  is  unusually  small 
The  calcaneum  is  fortred  forwards  on  the  dorsum  of  the  foot.  The 
tarsus  comes  to  lie  in  a  nearly  vertical  line  Avith  the  bones  of  the  leg. 

T.  Varus  (rarua,  stretchwl). — This  is  the  commonest  variety  of 
clnb-f<H)t.  The  f<K)t  is  turned  inwards  and  upwanls.  The  heel  is  drawn 
more  or  less  upwards,  wj  that  the  subject  of  the  deformity  comes  to 
walk  on  the  outside  of  the  foot.  l^)th  feet  are  as  a  rule  affected,  and 
the  <leformity  is  sometimes  congenital.  The  muscles  concerned  arc 
rhierty  the  gastHK-nemius,  with  the  tibialis  anticus  and  posticus.  The 
1m)!ics  are  altered  in  such  a  manner  that  the  astragalus  liecomes 
malshajH,*!!.     The  articular  surface  of  the  head  presents  two  articular 


CHAP.  XCI 


SITUS  TRANSVEESUS— TALIPES 


947 


fucets ;  one  for  the  navicular  bone,  which  is  dispUieed  iinvards  aed 
(Iniwn  up  under  the  inner  malleolus;  the  other,  which  can  hardly  be 
called  au  articukr  facet,  projects  freely  on  the  bick  of  the  foot.  It  is 
simply  a  pxrt  of  ihe  articidar  surface  of  the  head  left  exposed  by  the 
shifting  of  the  navicular  bone. 

T.  Valgus  (nfiifvs,  wry  or  distorted).— The  deformity  is  the 
opi>osite  of  that  in  the  foregoing.  The  outer  border  of  the  foot  is 
directed  iipwardg,  the  inner  downwarrls,  and  the  solo  outwards.  The 
person    walks    therefore  upon    the    inner   aspect   of    the    foot.     The 


Kio] 
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muscles  at  fault  are  chiefly   the   peroiiei^  along  with,  in  most  catet, 
me   of   ihe   extensors   of   the  toes,  such   as   the   extensor   longus 
digitorum. 

In  flat  or  splay  foot  there  is  very  much  the  same  distortion  as 
,bove  ilescribed,  but  in  a  minor  degree,  with  in  addition  relaxation  of 
,e  ligaments  of  the  sole  of  the  foot.     It  is  not  usually  a  congenital 
affection. 

T,  Calcaneus  (hook-foot). — The  toes  are  drawn  up  towards  the 
leg,  while  tlie  heel  is  markedly  depressed.     The  foot,  ouing  to  the 
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ilepression  of  the  bed,  appears  to  be  correspondingly  shortened.     The  1 
calcaneum  lies  in  a  line  with  the  leg,  and  the  soft  tissues  of  the  heel 
become  hypertrophied. 
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CHAPTER  XCII 
DISEASES   OF   THE   FCETAL   MEMBRANES   AND   PLACENTA 

The  Amnion, 

1097.  Inflammation. — It  is  a  thoroughly  recognised  fact  that  the 
foetal  membranes  may  become  inflamed  in  uiero.  The  amnion  some- 
times shows  evidence  of  this  in  the  production  of  adhesions  between 
the  membrane  and  some  part  of  the  foetus.  These  adhesions  are 
commonest  at  the  head-fold,  and  are  said  to  account  for  many  of  the 
deformities  found  in  connection  with  the  vault  of  the  skull  and 
enclosed  viscera  (p.  92). 

Hydramnion. — By  this  is  understood  an  excessive  accumulation 
of  amniotic  liquid.  It  is  usually  regarded  as  expressive  of  obstruction 
to  the  flow  of  the  maternal  circulation.  It  has  been  suggested  that 
the  accumulated  liquid  is  in  part  foetal  iirine,  but  this  seems  unlikely. 
The  placenta  is  usually  enlarged  in  these  cases,  and  the  choroidal 
villi  swollen  and  apparently  dropsical.  The  foetus  is  either  dead  or 
under-developed.  Actual  deformities  in  the  foetus  have  been  alleged 
to  be  traceable  to  this  cause,  but  the  evidence  in  support  of  the 
allegation  seems  meagre. 

Deficient  Amniotic  Liquid. — When  the  amniotic  liquid  is 
scanty  the  undistended  membranes  press  upon  the  enclosed  foetus. 
This  pressure  must  be  ranked  as  a  frequent  cause  of  malformation.  It 
is  quite  likely  that  many  defects  in  the  development  of  the  head  and 
limbs  are  caused  in  this  way. 

Chorion  and  Placenta, 

1098.  When  the  foetus  dies  at  an  early  stage  the  chorion  need  not 
be  discharged.  The  ovum  in  most  cases  disappears ;  it  is  most  likely 
absorbed.  The  choroidal  villi  and  placenta  degenerate,  and  possibly 
this  degeneration  accounts  for  the  death  of  the  embryo.  The  chorion, 
however,  does  not  necessarily  die.     It  continues  to  grow,  although  the 
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^owth  often  shows  a  morbifl  type.     The  resulting  structure  still  g*>c» 

conception)* 
structures — the 


6fv 


by  the  old-fashioned  nnme  of  a  mole  {mala^  u  false 

There    are    chiefly    two    varieties    of    these 
ailleil  flf^^hif  vujk  and  the  hftdaiid  mde. 

Fleshy  Mole. — This  takes  the  foiin  of  a  cast  of  the  inu^rior  of  | 
the   uterus,  and   may   be  expelled   in  an   unruptured  condition.     Iti 
potsettes    a  large  cavity  in    which    fretal    remains   often    cannot    \m] 
detected.     Its  walls  may  be  from  a  quarter  to  half  an  inch  thick  or 
even   more,    and    in    general    consifltence    it   reseroble^  a    pWrntA. 
Haemorrhages  of  considt^rable  liulk  may  be  detected  in  it,  and  here 
and  there  cysts  filled  with  clear  liquid^  and  from  the  size  of  a  ^lea  In 
that  of  a  walnut,  project  into  \U  int43nor.     It  lookft  almoet  as  if  the 
whole  chorion  had  untlcrgono  placenbil  thickening,  while  ^me  of  the  | 
villi  had  fiutft'red  from  cystic  degeneration. 

Hydatid  Mole, — In  this  case  the  appearances  of  the  eje 
chorion  arc  <liH'ercTit.  There  is  rjot  the  mmie  fleshy  thickening  > 
mnmbrane.  The  whole  of  the  (jlaconta!  and  choroi«lal  villi  secin  to; 
have  Iwen  tninj^formed  into  grajw-Hke  bunches  of  roundiwl  cyst^ 
Thejse  cysts  vary  in  size*  The  smallest  are  almost  microeeopic  ;  the 
largest  [lerhaps  come  up  to  the  size  of  a  large  \y&^  They  an?  filled 
rith  cleju'  fluid,  which  is  said  to  contain  mucin  (Fig.  571), 

ITio  view  hiij*  l)een  entertained  that  the  connective  tissue 
coijjUflcle«  of  the  choroidal  villi  are  the  source  of  the  cyst« — that  they 
Ijecome  ilistended  and  stretched  with  a  dro|)6ical  liquid.  A  more 
feasilile  explanation  i8  that  f>arts  of  the  nlli  suffer  from  mxyomatooi^ 
degeneration  and  that  the  cystdike  bodies  are  points  where  the 
resulting  mucoitl  hai^  accumnlatod. 

SdmetimoH  c>tily  certatri  cotyledons  arc  affect^nl,  and  then  the  cbtkl 
may  live  up  to  full  time. 

Fatty  Degeneration  of  the  Placenta, — It  haa  been  auppoeed 
that  a  fatty  degenenition  uf  the  placental  villi  takes  place  naturally 
at  the  full   limit  t>f  utero-geHtation.     Such  docs  not  seem  to  be  tile 
case.     The  great  bulk  of  jjlacenta'  at  fidl  time  do  not  show  any  waA 
Ipix^anuice.     There  is  no  commoner  altemtion  of  the  placenta  tlian  a 
^latty  condition  of  its  villi.     The  scat  of  the  degeneration  is  usually  nid 
to  l>e   the   blood- vessel 8,     The  oil   globules,   however,  are  far  more  1 
often  fotuid  on  the  surface  of  the  villus  than  in  its  interior  where  the  J 
veaaels  lie.     The  particular  structure  afl'ected  apfiears  to  be  the  layer  1 
of  epithelium  covering  the  surface,  and  separating  the  foplal  from  the  | 
matermd  parts — the  remains  of  the  sub-zonal  mcmbi*ane.     Any  fatty 
change  in  this  structure  would,  from  the  important  position  it  boldt, 
and  from  the  probable  function  it  subserves,  tend  to  interfere  with  ' 
whole  economy  of  the  placenta. 

White  Infarcta — Pale  yellow  masses  of  tissue  are  often  fo 
tcattered  thronghont  the  sultstance  of  the  placenta.     They  have 
called    white  infarcts  by   HotFmann  :   and  Itiive  been  held    to 
indicative  cif  a    syphilitic    infection.     They    have   alio   been    fe 
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associated  with  large  and  pjxle  kidneys  (Favre,  No,  13,  cxx.  1890, 
p.  4fil).  If  they  are  not  exten.'^ive,  utero  gestation  may  go  on  to 
full  time. 

They  are  of  varions  shapes  and  sizes,  the  smallest  about  the  size 
of  a  hemp-seedj  the  largest  eoraing  up  to  that  of  a  walnut.  They  are 
often  wedge-shapod,  and  are  be.st  seen  upon  the  attached  aspect  of 
the  plaeentiu  SiMieth  and  Wedl  (quoted  by  Ackermann,  No.  13, 
xevi.  1884,  p.  4 3D)  fouml  them  in  5i  per  ceFit  of  all  placentie. 


^ 
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Exxtmined  mmvscopimliy,  they  consist  in  great  part  of  masses  of 
fibrin.  The  fibrin  is  homogeneous  as  in  an  aneurismal  sac,  not  in  th^ 
form  of  a  network,  and  has  canaldike  sfmces  and  fissures  coursnig 
through  it. 

It  surrounds  and  Jixes,  embeds  in  fact,  the  placental  villi.  The 
artery  and  vein,  or  the  artery  alone,  are  said  by  Ackerniann  to 
be  embedded  in  a  small -cell  (inflammatory)  deposit  ;  but  this  haw 
not  been   conJimied  by  others.       The   epithelium   covering  the  villi 
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tles^naniates,  assumes  a  homogeneous  appearance,  and  vaniflheft  in  th« 
fiiirrounding  fibrin. 

All  sort©  of  theories  have  from  time  to  time  been  iiivonl4MJ  to 
account  for  tht'se  tlepo^it^*.  They  have  been  supposed  to  be  inflanmyi- 
tory  (Simpson),  to  be  caused  by  hannorrhage  (Gierse),  or  to  be  maiioi 
of  placenta  in  a  state  of  coagiihitive  necrosis  as  in  yellow  infarction 
of  the  kidne}"  and  spleen  (Ackerniarin). 

Summarising  the  facts  derived  from  recent  observation  hjr 
writers  (see  Bihiiog.),  tlie  course  of  everita  in  their  formation  trnmOB  In 
l»e  somewhat  us  follows  : — There  ajjjH*ars  in  all  cases  to  be  a  d 
jiccumuhition  of  serotina  like  deciihial  ceils  between  the  maternal  and 
f<etal  jjarts.  These  cells  are  most  likely  derived  from  the  eeroUtuL  fl 
They  come  to  impinge  n\ytm  the  villi,  to  force  their  way  beneatti  ita  " 
epithelium,  to  9Cj>jirate  this  from  the  surface  of  the  villus^  and  to 
envelop  the  stroma.  There  Ix^ing  now  no  structure  separatiiig  tbe 
villi  and  the  maternid  bWKl-ves*iels,  blrKKl  plasma  id  effhaod  either  in 
the  form  of  a  hiemnrrhage  or  as  an  extidiite,  and  crMigidal<*a.  A  groat 
many  of  the  scroti riid  cells  seem  to  become  homogenetjus,  to  mix  witli 
this*  and  thus  to  disapj»ear ;  and,  as  before  mentioned,  the  epithelium 
of  the  villi  meet«  a  sttuilar  fate. 


Both  Roeaior  and  ftrre  it«tc  th*t,  nlong  with  thcje  oocunnicrs  fii  Ut«  |»lj 
it«i4f,  an  oblitcrutivi*  uffection  of  the  nierine  srieries  uppcwit^  th«  nffcetcd  p&rt 
filftct'.  It  is  lirought  iibout  by  &  thickening  of  the  tuiika  intini*.  nod  apjuirrntly  la 
<|niti'  hoTTioli>|^>n«  with  thiit  whk'li  owum  in  thi*  iitvrin**  *rl*Tif*»  g«-ncr«lly  AtXrr  p^r^ 
turitton.  WliMt  !:»  not  cptiti^  i^lear,  licmovi^r.  Ami  IhiA  is  juitt  the  Utmi&g  |K>iat 
OA^-oottntitig  for  this  cnriotM  k^on,  U  whetli<*r  the  sut«  of  tlxii  Aftcriii  li  |ifitnafy 
MK?onrtji.r)'  to  that  of  the  plo^c^ntA.  In  cnscn  which  ftrt^  iiyphiliti4!  tt  mii^t  b#  m] 
ImummI  to  \m  priTnury,  hut,  on  th#^  otiu«r  harut,  it  might  1h*  iirgu«»<l  that  tbe  coodil 
of  the  arteripa  h  simply  one  of  ptvinntuiT  iuvohition,  owing  to  tha  coi 
cotylwlon  of  thi*  plfiotMita  having  *iir<l  or  Wome  functional ly  inert. 

Placental  Inflammation. — The  placenu  somettmes  iMMOOMa 
fixed  to  the  uterine  wall  by  adhesive  inflammation.  Tbia  ii  a  oommom 
cauae  of  a  portion  of  the  plaeenUi  Ijeing  retained.  SuppuroHm  im0awh 
mftiwfi  ending  in  abscess  has  also  been  recorded.  It  is^  however^  a 
%*ery  nire  aficrtion. 

Syphilitic   Placenta, — Cnramata,  it  it*  said,  have  been  foundj 
within  the  placental.     The  white  infarcts  just  deAcnbe<l  may  be  reaiJilj 
mistaken  for  them. 


I 


TritERCrLAR    iNFKfTlOX   OF  FcETUS   IN   UtKRO. 

J 1099.  It  is  X  welMcnown  fact  that  the  tuTierciilArisation  of  tJie  I 
^derv  is  among  the  rarest  of  occun-ences.  Only  a  very  few  i 
of  such  having  uikeu  place  are  to  be  found  in  mcilieal  literature,  ami 
in  0unie  of  them  it  seems  proVialple  at  lea^t  that  the  deposits  caUed 
tiibercuhir  were  in  reality  ftyi>hilitic.     Even  in  extreme  genexml  Uilierw 


CHAP,  xcii  INTRA'UTERINE  TUBERCULOSIS  963 

culosis  of  the  mother,  the  foetus,  placenta,  and  membranes  in  the  vast 
majority  of  cases  are  free  from  any  tubercular  deposit  and  from  the 
presence  of  the  tubercle  bacillus. 

Curt  Jani  (No.  13,  ciii.  1886,  p.  522)  attempted  to  account  for  those  few  cases  in 
which  intra-uterine  tuberculosis  has  been  alleged  to  have  been  found,  by  a  tubercular 
infection  of  the  ovum  through  the  sperm  of  the  male  or  the  Fallopian  tube  of  the 
female.  He  said  that  he  found  tubercle  bacilli  in  the  prostate  and  Fallopian  tubes 
in  cases  of  general  tuberculosis,  even  where  these  were  otherwise  free  from  disease. 
It  may  legitimately  be  asked,  however,  what  tubercular  infection  of  the  ovum  means. 
Landouzy  and  Martin  asserted  that  they  had  rendered  guinea-pigs  tubercular  by 
injecting  into  them  the  semen  of  tubercular  rabbits.  Rohlff,  however,  has  failed  to 
induce  tuberculosis  by  injecting  the  semen  of  tubercular  men  into  the  anterior 
chamber  of  animals. 

Literature  on  Diseaaes  of  FcUal  Membranes  aiid  Plaeenta. — Ackermaiin  (White 
Infarct):  Arch.  f.  path.  Anat,  xcvi.  1884,  p.  439.  Hoffmann:  Ueb.  d.  weissen 
Infarct,  d.  Placenta,  1882.  Kiistner  (White  Infarct):  Arch.  f.  path.  Anat,  cvL 
1886,  p.  342.  Langhans:  Arch.  f.  Anat.  u.  Entwickelungsgesch.  v.  His  u. 
Hraune,  1877,  p.  214  ;  also.  Arch.  f.  Gyn.,  i.  p.  330,  and  iii.  p.  150.  Maier:  Arch, 
f.  path.  Anat,  xlv.  1869,  ^.  305.  Oberdieck:  Ist  d.  Placenta  durchgangig  f. 
Mikro-organismen,  1888.  Pnestlv-Smith  (Cystic  Chorion) :  Brit  Med.  Joum.,  1887, 
i.  p.  768.  Robin :  Arch.  gen.  de  med.,  i.  1854,  p.  705.  Rohr  (White  Infarct) : 
Arch.  f.  path.  Anat,  cxv.  1889,  p.  505.  Rossier  (White  Infarct):  Basler  Dis- 
sertation, 1888.  Simpson:  Edin.  Med.  Joum.,  April  1836,  p.  265.  Spaeth  and 
Wedl :  Klinik  d.  Geburtshiilfe  u.  Gynaekol  v.  Chiari,  Braun  and  Snaeth,  Erlangen, 
1855,  ]).  101.  Winkler:  Structure  u.  Zell-leben  in  d.  Adnexen  a.  mensch.  Eies. 
Jena,  1870. 


PART  IV 

DISEASES  DUE  TO  VEGETABLE  AND  ANIMAL 
PARASITES 


CHAPTER  XCIII 
A.  SYSTEMATIC  BACTERIOLOGY 

Introductory, 

1 1 00.  The  general  methods  pursued  in  bacteriological  research  have 
already  been  indicated  (vol.  i  p.  112).  And  where  diseases  caused  by 
a  vegetable  parasite  have  been  described,  most  of  the  particulars  con- 
cerning the  parasite  have  been  included  in  the  description.  It  now 
remains  to  treat  of  the  subject  of  Bacteriology  from  a  systematic  point 
of  view,  and  to  describe  those  parasites  and  their  effects  which  do  not 
influence  any  organ  in  particular,  but  which  give  rise  to  a  disease 
affecting  the  system  more  or  less  generally.  Such  are  the  organisms 
of  anthrax,  septicaemia,  etc. 

From  the  fact  that  the  living  animal  body  is  such  a  rich  storehouse 
of  those  very  substances  which  serve  as  their  natural  food  when  leading 
a  saprophytic  existence,  it  is  not  surprising  that  certain  microphytes 
have  become  parasitic.  Indeed  the  marvel  is  that  the  living  organism 
resists  their  invasion  so  well  as  we  know  it  does. 

Plants,  although  they  sometimes  become  a  prey  to  parasitic 
microbes,  are  not  so  liable  to  disease  from  this  cause  as  animals.  It 
is  said  that  their  juices  and  tissues  do  not  furnish  so  favourable  a 
pabulum  as  the  corresponding  juices  and  tissues  in  animals.  Their 
acid  reaction  is  said  to  render  them  proof  against  many  varieties. 

Conditions  of  Existence  of  Bactei^ial  Life, 

.  1101.  In  studying  the  low  forms  of  vegetable  life  which  are  para- 
sitical on  Man  and  animals,  attention  must  be  paid  more  particularly 
to  their  morphology,  life  history,  and  properties  of  assimilation  and 
metabolism — to  their  physiology,  so  to  speak — and  to  the  various  effects 
which  they  themselves  or  the  products  secreted  or  otherwise  elaborated 
by  them  have  upon  individual  tissues  and  upon  the  system  generally. 
According   to   their   habits  they   are   divided  into   two  classes, 
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aaprophyks  and  parasites.  The  saprophytes  are  such  as  grow  on  dead 
organic  substances,  the  parasites  those  which  lead  an  existence  upon  a 
living  host  Some,  but  only  a  few,  are  pure  parasites — that  is  to  say, 
their  existence  as  saprophytes  is  unknown.  They  are  distinguished  at 
obligatory  jparasUes  (parasites  obliges).  Many  supposed  members  of  this 
cla^  have  lately  been  shown  to  be  capable  of  artificial  cultivation. 
The  leprosy  bacillus,  however,  so  far  as  we  know,  refuses  to  grow  on 
anything  but  the  living  animal  body.  This  difficulty,  it  is  only  reason- 
able to  believe,  will  ultimately  be  overcome.  And  so  it  is  with  others. 
Their  number  is  rapidly  diminishing  in  consequence  of  the  discovery 
of  the  particular  conditions  necessary  for  their  flourishing  in  a  sapro- 
phjrtic  condition. 

Most  of  the  parasitic  microbes,  it  may  now  be  asserted,  can  be 
made  to  lead  a  double  existence,  namely,  that  of  saprophyte  and 
parasite.  To  such  the  term  facultative  parasites  (parasites  facultatifs) 
is  usually  given. 

Certain  moulds  which  in  their  natural  state  are  exclusively  sapro- 
phytic can  be  made  to  lead  a  parasitic  life  when  transferred  artificially 
to  properly  constituted  animal  hosts.  Hence,  even  in  the  case  of 
the  purely  obligatory  members,  those  which  apparently  will  grow  only 
on  the  living  animal  body,  there  is  the  presumption  that,  at  some  time, 
they  have  been  saprophytic,  and  that  their  {mrasitic  qualities  have  been 
acquired  by  long  custom.  The  tendency,  however,  is  greater  in  the 
opposite  direction.  Many  of  the  parasites  can  be  readily  induced  to 
take  on,  shall  we  say,  to  revert  to,  a  saprophytic  habit. 

The  terms  saprophijtir  and  parasitic,  accordingly,  are  nowadays  em- 
ployed but  slenderly  ;  those  of  patfiofjenic  and  non-patluyffnic  are  in  much 
commoner  use. 


Clnssijication  of  the  Parasitical  Myotrs, 

1 1U2.  That  which  perhaps  has  met  with  most  favour  was  pro{>os6d 
by  Xiigeli  (No.  586),  namely,  into — 

( 1 )  The  moulds  or  hyphomycetes  ; 

('2)  The  yeasts,  sprouting  fungi,  or  blastomycetes ;  and 

(3)  The  cleft  fuii^  or  schizoniycetes. 

The  general  opinion  is  that  they  may  all  l>e  compriseil  umler  the 
fun«:i  or  niycetes.  de  Bary,  however,  does  not  include  the  liacteria 
anioiij;  the  fungi,  but  l)elieves  that  they  are  more  nearly  related  to  them 
than  to  any  other  group.  He  prefers  to  designate  them  l>acteria  rather 
than  tissioii-fungi.  Indeed  the  tissioii-fungi  have  been  variously  desig- 
nated, and  many  of  the  terms  are  still  in  common  use.  Thus  that  of 
mirruhr  was  given  to  them  by  St'nlilot,  microzijnw  by  Bt^champ,  micrfftf 
by  Pasteur,  and  in  this  country,  that  of  Imdt'rium  is  often  applied  to 
the  group  in  a  ;^eneric  sen<e.  They  were  relegate<l  to  a  se|)aratc  chiss, 
the  protisftty  hy  Haeckel. 
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Zopf  (No.  587)  further  divides  the  schizomycetes  into  the  following 
groups  and  genera : — 


1.  Coccaceas. — Up  to  the  present  time,  known  only 
in  the  form  of  cocci. 


2.  Bacteriaceae,—KAYe  for  the  most  part  spherical, 
rod-like,  and  filamentous  forms ;  the  first  (cocci)  may 
be  wanting;  the  last  are  not  different  at  the  two 
extremities  ;  filaments  straight  or  spiral. 


Genera, 
Streptococcus 
Mensmopedia 
Sarcina. 
Micrococcus 
Ascococcus. 

'  Bacterium 

Spirillum 

Vibrio 

Leuconostoc 

Bacillus 
^Clostridium. 


3.  LeptotrUheae, — Spherical,  rod -shaped,  and  fila-  \  Crenothrix 
mentous  forms  ;  the  last  show  a  difference  between  the  f  Beggiatoa 

two  extremities ;  filaments  straight  or  spiral ;  spore  (  Phragmidiothrix 
formation  not  known.  )  Leptothrix. 

4.  Chadotrichem, — Spherical,   rod -shaped,  filamen- ) 

tons,  and  spiral  forms  ;  the  filamentous  lorm  presents  >  Cladothrix. 
pseudo-branches  ;  spore  formation  not  known.  j 

This  classification  of  Zopf's,  however,  it  must  be  remembered,  is 
founded  upon  the  doctrine  of  pleomorphism — that  is  to  say,  on  the 
supposition  that  an  organism  may  take  on  different  forms  according  to 
its  surroundings.  Thus  the  usual  form  assumed  by  the  bacillus 
pyocyaneus  is  that  of  a  short  rod.  By  simply  modifying  the  basis 
on  which  it  grows,  however,  Charrin  (No.  641)  finds  that  it  may 
assume  successively  the  character  of  a  coccus,  a  long  thread,  or  a 
spirillum.  The  transformations  of  proteus  (Sect  1119)  are  another 
example  of  the  same.  It  should  not  be  forgotten,  however,  that  the 
possibility  of  an  organism  assiuning  such  a  multiplicity  of  shapes  is 
opposed  by  some  competent  authorities. 


Their  General  Characters, 

1103.  The  features  which  are  peculiar  to  the  fungi  as  distinguished 
from  all  other  forms  of  vegetable  life,  are  that  they  are  devoid  of 
stem  and  leaves,  and  are  composed  of  elongated  cells  or  rows  of  these 
united  in  threads.  They  possess  no  trace  of  chlorophyll,  and  on 
this  account  it  has  been  supposed  that  they  fail  to  build  up  organic 
compounds  from  unorganised  raw  material.  As  explained  under 
Nitrification^  however,  this  supposition  has  had  to  be  modified  in  view 
of  evidence  recently  acquired. 

Chemical  Actions  pei'formed  by  them, 

1104.  The  chemical  interchanges  brought  about  by  living  or- 
ganisms are  of  two  kinds:  (1)  Synthetical^  accomplished  chiefly  by 
plants ;  (2)  Analytical^  performed  mainly  by  animals.     The  class  of 
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Mycetes,  however,  which  we  are  now  constderitig  is  also  tsi^y 
aruilytictil,  and  hence  stands  intermediate?  between  the  two.  Soiii«  of 
them  excite  fermeiiinikm^  others  putrefacHim.  The  fenuente  are  mltnoil 
alike  with  those  secreted  hy  the  peptic  and  other  digastiva  gljMiiI% 
and  have  the  property,  consecpietitly,  of  peptonizing  and  liqtiiifjriQg 
culture  media  cont^iining  gelatine.  In  a  large  proportion  of  rmmt  t 
jKiimnmt}(  alkaloid  is  the  raost  important  prtKluct^  while  in  &  certain 
numl)er  ^  pinmmus  albnnmse  is  either  associated  with  this,  or  is  secreted 
scpirately,  A  few  of  them  evolve  gas  from  the  liaais  on  which  they 
are  giown.  In  some  cases  a  foul-smelling  volatile  sulietancc  is  the 
mo«t  notJihle  (liacillus  aaprogenes). 

Dnefly  sumnmrised,  the  proilucts  evolved  are  chiefly  aa  follows  : — 

(1)  Oas^s  (earl tonic  acid,    hydrogen,  light  carbuixated   hydfogen, 
sulphuretted  hydrogen,  and  ammonia). 

(2)  Nitrates,  water,  and  sulphur. 

(3)  Volatile  substances  (trimethylamin,  alcohol^  formic  acid, 
acid,  propionic  acid,  butyric  acid), 

(4)  Fixed  acids  (lactic,  mah'c,  succinic^  oxalic,  and  tartaric). 

(5)  Tjuu  in,  luticin,  alanin. 
(G)  liodies  belonging  to  the  aromatic  series  (tyrosiu,  phenol,  and 

kresol). 

(7)  Bofliei;    of   complic;ited    molecule    (carlKihydnitee,   illinmnniM, 
peptone,  hydrolytic  ferments). 

(8)  Colouring  matters. 

(9)  Alkaloidal  jjoisons  (ptomauieB). 
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L  Thk  Moulds  or  Hyphomycetks. 


1105.  Morphology. — They  are  composed  of  two  diatiaet  I»rUs| 
the  intfcelium  an*l  the  fruit-hearing  orffuns.  The  mycelium  conaisu 
a  tiuigled  mass  of  delicate  threads  made  up  of  elongated  jointed  celk. 
It  nimi^os  deeply  within  the  banis  from  which  the  mould  is  growings 
In  one  type  of  mould,  of  which  Penicillium  glaucum  ia  m  good 
example,  the  fruit^^Cciring  organs  spring  from  aerial  ^iems  or  kfpkm^ 
also  composed  of  rows  of  jointed  cells,  terminatinji  in  a  lirtiaK-like 
bunch  of  branches  known  aa  basidia^  From  these  Liitij»idia  finer  aeeaod- 
ary  branches  are  given  otf  known  ae  ikrfffmaia*  The  conidta,  or,  aa 
they  are  called,  the  conidial  spores,  are  pkeed  on  the  ends  of 
ster>'gnmta.  The  bluish-green  colour  which  the  surfaee  of  thie  : 
presents  h  due  to  the  coloration  of  the  conidta. 

In  Aspergillus  glaucus  y^ry  much  the  same  amagtement 
vaila,  «mly  the  fruit  <l>earirig  branches  are  not  secondarily  divided 
The  bottle -shaped  sterygmata  are  arranged  radial* wise  in  a  tingle 
layer,  atui  |K)ssesa  only  one  large  spore,  which  is  placed  at  the  imcL 

Mucor  mucedo  flourishes  on  animal  excrement,  fruit,  etc,  f«f- 
ticuhu  ly  well  on  horso-duiig.     It  is  the  cause  of  the  ordiuar}'  while 
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growth  on  such  bodies.  It  develops  thick  white  masses  of  mycelial 
threads,  from  which  spring  the  fruit- bearing  hyphae,  cmiidiaplwres  or 
.<j)omn^jiophores,  A  button-like  extremity  (columella)  shows  in  time  at 
the  end  of  each  of  the  hyphae.  Around  it  forms  the  spoi^ngium,  com- 
posed of  a  membrane  (epicarp)  enclosing  protoplasm.  The  protoplasm 
divides  into  spores  or  conidia,  and  these  again  are  set  free  by  rupture 
of  the  sporangium. 

Oidiutn  grows  in  simpler  fashion  than  these  other  moulds.  The 
oh  Ham  ladU  is  the  white  mould  of  milk.  It  is  devoid  of  fruit  heads. 
The  conidia  spring  up  in  long  strings  directly  from  the  mycelium. 

Chemical  Composition.  —  Their  chief  characteristic  in  this 
respect  is  that  the  non-nitrogenous  organic  elements  (cellulose)  exceed 
the  nitrogenous.  Proteid  constituents  are  found  only  in  the  cell  con- 
tents. They  contain  sugar-like  bodies,  and  the  salts  are  composed 
chiefly  of  potassium  and  phosphoric  acid. 

Conditions  of  Growth. — They  increase  and  flourish  where 
there  is  comparatively  little  moisture.  It  is  not  so  with  the  yeasts ; 
they  require  a  plenteous  supply  of  water.  As  regards  the  inorganic 
materials  necessary  for  the  maintenance  of  the  moulds,  they  appear  to 
l)e  twofold,  namely,  a  salt  of  an  alkali  (potassic  phosphate)  and  of  an 
alkaline  earth  (earthy  phosphate).  Free  oxygen  is  also  necessary,  and 
the  medium  had  best  have  an  acid  reaction. 

Their  nitrogen  is  assimilated  most  readily  from  soluble  proteids 
and  peptones,  but,  contrary  to  what  was  at  one  time  supposed,  it  can 
also  be  taken  from  nitrates  and  ammonia  salts.  Their  supply  of  carbon 
is  best  obtiiined  from  easily-split-up  carbohydrates  such  as  sugar ;  the 
.sulphiu*  from  sulphates  and  sulphites.  Several  culture  media  suited 
for  their  growth,  such  as  Pasteur's  and  Cohn's  fluids  (vol.  i.  p.  113), 
have  been  prepared  by  combining  the  constituents  necessary  for  their 
nourishment  synthetically. 

Cultures  of  moulds  diffbr  from  those  of  bacteria  in  the  fact  that 
they  tend  to  become  inextricably  mingled.  The  mycelium  of  the  one 
l»ecomes  intertwined  with  that  of  the  other.  An  impure  growth, 
moreover,  is  less  easily  detected  than  in  the  case  of  bacteria,  from  the 
fact  that  two  or  more  may  be  growing  together  without  loss  of 
homogeneity.  Cultui'es  of  trichophyton  tonsiu-ans,  for  instance,  are 
almost  always  impure. 

According  to  Sabouraud  (No.  423,  vii.  1893,  p.  516),  those 
which  are  parasitical  can  best  be  isolated  pure  by  the  use  of  must  of 
beer.  They  grow  readily  upon  this,  but  the  parasitical  cryptograms 
do  not.  »So  soon  as  the  culture  has  reached  maturity  uix)n  this  it 
should  be  transferred  to  the  surface  of  potato.  This  medium,  like  a 
gelatine  surface,  has  the  property  of  isolating  the  one  organism  from 
the  other,  so  that  after  a  few  successive  transferences  a  mould  like  the 
trichophyton  can  be  obtained  perfectly  pure. 

Mould  colonies  growing  on  a  gelatine  surface  side  by  side  with 
yeasts,  sarcinae,  bacteria,  etc.,  can  be  readily  distinguished  by  the  radial 
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nuiiiiier  iti  %rhich  the  myceliufn  spreads  out  from  a  comnKjn  eeiili 
and  by  the  mpidity  with   which  they  overspread  the  nictliutn. 
needlo  track  yijmn  tho   siirfjice  soon   begins  to  throw  out    hmnclii 
which  f^vo  to  the  margin  of  the  growth  a  chiiracteri«liailly  friiigi24{ 
appcanince  (Fig,  503), 

Question  of  Saprophytic  Moulds  becoming  Parasitic.' 

Besides  those  which  leiid  nmirily  a  pjinisitrc  exiatcncc  in  the  skin 
(see  Skin  Pisciiscs),  there  are  others  which,  a^i  ti  rulc»  are  s»prfiphyt^ 
but  which  may  also  occa^ionsilly  bet'onje  panisiticuL  These  uri 
Lgenonilly  held  to  be  Aspergillus  funiigntus,  Aspergilluii  flA%'nsc€ns» 
^lliicor  rhizopixliformis,  and  Mueor  curynd)ifer.  Anjong  the  comtiKiii 
TUoiddB  which  are  nut  usnully  |>ai'asitic  may  Ix'  mentiuned  IVnicilliiiin 
glaucunif  Aspergillus  glauctia,  Aspergillus  niger,  Mucor  mucedu,  Mucor 
stolonifen 

A  pneuniomycnsis  aspergillimi  hjis  lieen  ilo^TikKHl  by  rnrionB  ob» 
8erver»,  such  li*  Virchciw,  Frirdreich,  I'agenstechrr,  and  Fiirbingc^r  (i 
Bililiog.).  A^pergilbis  has  iilso  lanm  fotuid  gr<^^^'iiig  within  the  mr 
(Bezold)  and  upon  the  cornea  (I^ber),  In  the  ujohI  of  thnwi  oijai 
aspergilbiH  furaigjitiiti  has  lieen  the  8i>ecies  :  but  A,  flaxescens  or  a  blade 
luiperginua  has  also  h»een  met  with  in  the  ear  The  latter  of  thaeM?  iwu 
hus  also  l>cen  detvecte*!  in  the  lung.  The  moulds  in  qitei»tion  lead  aoij 
nn]y  a  sfijjrophylic  existence,  bnl  alsn  one  %vhich  is  parasitic  «|)oii  the 
animal  IkhIv.  They  are  fciinn!  in  t!jc*  blmxl-vesscla  of  vmrioun  orguu^i 
and,  in  the  kidney,  bhu-k  np  the  rapilhincs  of  the  glomeruli 
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Limit  (No.  104»  nxl  ISM,  p,  26»)  has  djucovrfiHl  th«t  two  nyicciun  of  i 
itso  beeomc  pnnuitic,  aad  fructify  within  the  bloodvcaftcls.     He  enllii  th^vfn  ||lieQ|l| 
pitMillun  ftrid  Mucor  riimo«u».     !kf)iit2  {Ni>.   41,  ii.   1884,  (i.  208)  found  thM 
liihiiUtioii  i»r jiM|¥<r^I1ii)i  Bpcirfi  tuducvd  a  ftiicumoniyi^oiris  KiifN»rKilUn«.    (tfoT^*    "^ 
vii.  1870,  p.  «)  biw  induceti  n  fat*!  dbooMi  by  injecting  mouU!  »|»fnv8  into  ihi*  r 
Grtwiu,  however  (Xo,  Ml,  lxx«  1877«  p.  M6),  obtnineit  mnlts  «t  variiuiee  \^ilu  u 
io  th(4  foci  that,  After  u  many  as  two  hnniired  experimt'iitit,  niad«  by  inj^ctiui?  spotty  | 
of  AiiiwTKilhi!!  glumes,  iVnirilliuni  glaurtuii,  Miii'or  tnui*^to«nd  stoloriift*r, 
tuoubiji  iatii  the  bhN»d-v<iwi^l«,  milHuttanmius  ti8«ueRt  etc.,  in  not  a  stn^U  < 
he  My  thjit  he  had  cxdt<Ml  anything  Uk^  a  diMaied  eoudttion  by  thf^  \  i^^l 

ia  pooaible  that  the  quantity  itiJ4*rti'd  may  h.'iir«  hettri  too  ftiiialL     H*  tJi«f^| 

afMiriM  utv  \mrt\y  d«i»troye<l  in   the  circulating  blood,  partly  tUniUiritf^l  bj  th» 
kidnejfw 

Leber  (Xo.  647}  haa  ahown  thnt  ittii»er|cilhiv  and  jtvnicil]'  i  inocitlalad  9m 

the  cornea  may  grow  and  ^prfiid  fmni  t\w  on^inal  f<iru«,  \m  tk«  oraar  fli 

inflaoitiiation  of  ita  itrueturr* 
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1892»  {h  G,  Natiwerck{riienTiioiioinvx)miH  and  Pliiir\iiK«>"ivr('«i!is4arLink')i) :  Cor,  BL 
f.  schweiz,  Aei-zte,  \i  1881,  jk  2"i5.  Paltaitf :  Archrf,  i^lh.  Aunt.,  cii.  188f»t  p.  643* 
Rother  ( Pueuinomyuogis  AsprgiWiim) :  ChaiiU^  Ann.,  iv.  1877,  p.  272.  Schtitz : 
tfttth.  a,  cL  k.  Gesuudheitsanit^,  ii.  1S84,  p.  208.  Stieda  (Piieiimoniycosi'*  AspergiJ- 
liiift):  Arch.  L  path.  Aimt.,  xxxvi,  1866,  ii.  279.  Virchow  :  Aich.'f.  pith.  Anat., 
ix,  1856,  p.  557. 


IL  The  Ykasts^  SpuorTiNG  Fun(ji,  or  BLASTOAn^cETEs- 


1106.  These  consist  of  round  or  ovoid  cells  of  viirioiis  sizes,  com- 
pose* 1  of  a  D1-1SS  of  protopliism  enclosed  in  a  ctipsyle.  The  cell  proto- 
pliism  is  griiniilai-  ;ind  often  vacnolatinl  (Fig.  572).  Increase  in 
numl*er  takes  place  l>y  budding  or  genimution  and  nbsti'iction.  A 
little  bud  furms  on  one  side  oi  the  parent  cell.  Thin  incrtuises  in  bulk, 
and  becoming  constricted  at  its  point 
of  attiichment,  finally  separates. 

Although  this  is  the  usn/d  mode 
of  reproduction,  it  has  been  shown 
by  liees  iind  Hansen  that  yeasts  may 
develop  gjxires.  At  other  times  a 
long  uu segmented  ti lament  may  show 
itself,  and  even,  it  is  said,  a  chain  or 
budding  mycelium.  A  dilute  cul- 
ture basis  favours  the  formation 
of  filaments,   a  culture   hV^uid   rich 

in  sugar  predisposes  to  division  by        r.o.  ^72.-Tc.ri'.*  cr.i«vi«iM  (b... 
budding,  VKAjrr). 

Composition,  —  According  to  'Hh^  ct*:iir  *i»acw*  in  tti**  r»*ntiv»  of  unine  of  rri.- 
M'Fadyean  (No.  1^)1,  1881),  p,  485),       yc*8t|mrtiHe»iu*PvuetRii.?s(A  ii"'»"«- it.nn 

they  contain  37  i>er  cent  cellulose 
ami  47  per  cent  proteid  matter.  As 
reg-cirds  relative  quantity,  the.se  two  c*mstitnents  are  in  inverse  j)rn- 
portion  as  compared  with  the  niouhis  (r>0  per  cent  cellulose  and  29  per 
cent  proteid).  They  also  contain  relatively  more  phosphoric  acid. 
The  amount  of  water  comes  up  to  from  40  to  80  jier  cent,  A  peculiar 
proteid  substance  coinmou  tii  the  yeasts  and  the  schizomycetcs  enters 
pretty  largely  into  theii*  com|x>sition.  It  is  known  as  tnycoprotein 
(Nencki — see  p.  965). 

Nourishment. — The  conditions  of  nitro-assimilation  are  much  the 
same  as  in  the  c:*tse  of  the  moulds.  They  undergo  degeneration  after 
a  time  if  nourisheti  solely  npon  ammonia  salts.  Nitrates  are  not 
re<luced  by  them.  They  derive  their  carlron  from  the  stime  sources  as 
the  moulds ;  sngiu-like  carWhydrates  are  most  suitable.  Some  of 
them  require  special  c^irbon  iTJuqwunds^  :as,  for  instatice,  alcohol  in  the 
case  of  the  mycoderma  vini.  The  mineral  foods  are  potassium  and 
calcium  in  combination  with  phosphoric  acid. 

Conditions  of  Growth,— They  can  grow  without  the  presence 
of  free  oxygen  if  a  fermeritalile  body  be  present.     Excess  of  alkalinity 


Cronch,  llartk.,  Oc.  No.  a;  HUlm 


i>e4  SYSTEMATIC  BACTERIOLOGY  vxvt  n 

or  of  acidity  hinders  their  growth.     The  be»t  mnge  of  U*mj»i*»niture  i«  j 
irom    10    to   40    C,  the  Hptinium  t4?mj>eraturc  is  (n»fn  2r»    In  30'  C I 
Their  gmwtli   is  so  vi|:onmR  that  they  will  sijirve  tititl  otitgniw  any  ^ 
Iwictoriii  living  on  the  same  cnUure  ha^in   pmvitle*!  they  are  i>ernuUf?d 
to  exercise  their  fernienliiii;  function. 

Fermenting  Function.— The  yeasts  ai-e  the  active  agenu  io 
alcoholic  fermentation,     Thi-i  function  ajipears  to  be  iKimething  a|iart  j 
from   that  of  the  ordinary   metabolism   which   gtx?s  on  within  them. 
As  the  organism  continues  to  nndtiply  in  n  solution  of  )^pe  Bttg&r, 
alcohol,  carlHjnic  acid,  and  many  Uy-prrKlucts*  are  deveh>jxH|, 

Those  yeasts  which  sj»lit  up  th«  sugjir  molecule  art?  ealle<l  .-irtrdlEi-l 
romifCfii  {fivKff^,  a  funjknis)^     Of  these  the  more  imfiortunt  are  (I)  .*^.  I 
reremise  (torula  cerovisii©),  the  oixiinary  beer  funguji  ;  (2)  X  rim,  that^ 
of  grape  juice  ;  (3)  *V.  fHUttffianns^  that  of  cider.       llauHen  hiia  iaolateit 
several  others. 


11 L    I'UK   I'LKi-T-KrNMa    f»U   SCHIZOMYrETKH. 

no7.  The  eharaeteriatic  suul  distinctive  feature  of  thi*  group  of  | 
liiMlies  IS  that  of  their  repriKlueing  themselves  by  cleuvuge.  They  iimy  J 
at  tiniee,  and  most  of  them  do,  leprotluce  themnelveH  by  s[»ori30^  bu(] 
thift  nietho<l  is  un certain. 

Nomenclature.^ — When  the   ImmIv  in  <^ntfHtion   in  about   1   /4  in] 
length,  it  is  usually  known  as  a  microbacterium  (j3aKr^ipmv\  a  rodl^l 
and  if  it  ia  round  or  rounded  iti  form^  the  t^mi  COCCUS  (pcokicik,  %\ 
kernel)  *m  applicnl  t^  it^     Should  the  organism  be  e)ongat4^d.  and  f^hooldl 
the  length  Iw  about  double  the  breadth,  it  is  temie*!  u  bacillus  (^ki//iwv  J 
a  small  stick,  from  ktctdiLH).     Sometimes  a  rod  may  C4»ntain  a  tporv 
nt  its  centre.     The  centre  of  the  rod  consetpiently  is  swollen,  mo  ibit  ^ 
the  orgiii'iism  aasuDies  a  spindle  or  lemon  sha]HV      To  thia  form  thfl 
term  Clostridium  is  applied,      l^ng  unjointe<l  threaib  are  known  , 
leptothrix.    W  hen  these  long  threads  hratich,  and  when  the  bniiichiii 
]§  rau^^Hl  by  an  uxifd  Mplittirj^;  of  the  ternjinal  cell»  cladothrix  in  thel 
t4'rm  usrd.      Thi*  term  spirJltum  is  Hpi»lied  gcnerically  to  curved  rwis* 
or   Hlamcnts,  rigid   or  flexible,  and  developing  by  endogenout   ftporeA. 
A  long  threiui  thrown  into  gentle  utululations,  and  >rith  sinuous  movis 
mentis  in  known  laa  vibrio.     If  the  curves  are  slight  iU)d  the  thread 
ver}'  til i It  with  r<»tatory  nio\enient,  the  organism  is  genermlly  knowii| 
as  spirochaeta.      When  sjilitting  occurs  in  two  directiorii^  00  tliat  1 
gr<»u|)  of  four  meml>ers  or  u^trads  resultA»  the  term  merismop 
ji[>plieii  to  the  group,  but  when  the  splitting  r»ecurs  in  three  ♦. 
and  piicket9  of  eight  or  more  members  are  fonnod.  that  of  sarcina 
"wooljiack  form.'*     (,*olonie«  are  sometimeu  held   togcth«^T    l.v   i  Krfliil 
eementing  subst^mce  ;  they  are  known  as  /ooglrrta, 

Structure^^-Sijeakijig  genendly,  the  fichizomycetca  are 
of  proteid  matter  enclosed  in  a  uiembrane.     This  encluee^i  jm 
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sometimes  called  the  protoplasm.  Outside,  there  is  a  limiting  capsule 
or  sheath.  It  is  the  protoplasm  which  stains  with  aniline  dyes. 
Between  the  sheath  and  the  protoplasm,  in  stained  preparations,  there 
shows  a  clear  area.  It  appears  to  be  occasionally  the  effect  of  reagents, 
at  other  times  to  be  a  layer  of  protoplasm  different  from  that  in  the 
interior.  Outside  the  sheath,  again,  there  is  often  a  gelatinous  glia. 
In  capsule  cocci  this  is  largely  developed,  and  in  leuconostoc  so  prolific 
is  it  that  it  confers  upon  the  colony  a  frog's-spawn-like  gelatinous  con- 
sistence. Such  a  glia  also  serves  to  bind  aggregations  of  cocci  into  the 
so-called  zoogloML  masses.  The  membrane  in  sarcina  ventriculi  has 
the  qualities  of  a  typical  plant  cellulose.  It  is  firm  and  thin,  and  gives 
a  violet  reaction  when  treated  with  Schulze's  solution.^ 

The  species  Beggiatoa  (allied  to  Crenothrix  and  Cladothrix)  is  said  to  have  the 
I)ower  of  reducing  sulphates  contaioed  in  water,  and  of  setting  free  the  sulphur  and 
sulphuretted  hydrogen.  Sulphur  grains,  accordingly,  are  deposited  in  the  protoplasm. 
Iron  is  also  precipitated  by  the  sulphuretted  hydrogen,  hence  the  organism  may  be 
blackened. 

The  substance  of  bacteria  resembles  that  of  other  cells  in  composi- 
tion. It  is  made  up  of  albuminoid  compounds  such  as  mycoprotein. 
Mycoprotein  or  fungus-protein  is  an  albuminoid  substance  described 
by  Nencki  (No.  626,  xx.  p.  443 ;  also,  No.  627,  p.  35),  which  enters 
largely  into  the  composition  of  their  membranes  and  protoplasm. 
Their  limiting  membrane  is  said  also  to  contain  fat. 

The  amount  of  cellulose  which  enters  into  their  structure  is  even 
lower  than  in  the  case  of  the  yeasts.  The  ash  has  probably  the  same 
composition  as  that  of  the  yeasts. 

Nourishment. — It  used  to  be  supposed  that,  as  the  fungi  are 
achlorophyllous,  they  are  incapable  of  building  up  their  structure  from 
elements  contained  in  other  than  organised  substances.  It  was  held 
that  they  could  not  abstract  their  carbon  from  carbonic  acid  nor  their 
nitrogen  from  ammonia  or  the  nitrogen  of  the  atmosphere.  They  were 
held  to  break  up  dead  organic  substances  of  a  vegetable  or  animal 
nature,  and  to  reduce  them  to  simpler  compounds.  There  was  thus 
drawn  a  sharp  line  of  demarcation  between  them  and  the  algae,  bodies 
which  contain  chlorophyll.  And,  although  they  certainly  do  assimilate 
their  nitrogen  best  from  albuminous  matters  and  their  carbon  say  from 
the  easily-broken-up  carbohydrates,  yet  such  a  hard-and-fast  line  of 
separation  as  that  formerly  suggested  cannot  now  be  entertained  in 
view  of  recently-acquired  knowledge. 

Thus  Pasteur  has  shown  that  torulse  are  able  to  assimilate  C.  and 
N.  from  some  inorganic  bodies  such  as  ammonia  salts,  and  Hueppe 

*  Zinc  is  dissolved  in  hydrochloric  acid,  and  the  solution  allowed  to  evaporate  in 
contact  with  metallic  zinc  until  it  assumes  a  sjTupy  consistence.  The  synip  is  then 
saturated  with  potassic  iodide,  iodine  is  added,  and  the  solution  when  necessary  is 
fliluted  with  water. 
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(No.  639)  has  demonstmWd  that  a  bacterium  without  chlorophyll  am 
acquire  its  C  from  carbonic  acid,  or  even  from  carbolic  »n«i  ^ieylic 
acidg  when  dilute.  Some  of  them,  moreover,  can  reiluco  nitnitr«,  and 
others  oxidise  aramniiia  to  nitric  acid  <HeraeiL?).  The  mutw  orgiinltm 
18  said  (Hueppe)  to  possess  sometimes  lK)th  retiueing  and  oxidising 
properties. 

Microbes^  apparently,  can  adapt  themselves  in  a  wonderful  manner 
to  circumstances.  They  can  abstract  their  nourishment  when  com- 
pelled to  do  so  from  unorganised  substances,  and  they  can  turn  out 
pr<i*luctii  varying  in  eomjiosiiion  according'  to  the  character  of  th«  ex- 
traneous conditions.  Wherever,  moreover,  tliey  secrete  a  fi^rmefit 
their  powers  of  assimilation  are  much  enhanced. 

A  still  njore  remarkable  property  possessied  by  certain  of  tb«9A 
is  that  of  taking  up  free  nitrogen  from  the  atmo«p]l6ta  An  noeooiti 
of  the  fact*  bearing  upm  this  is  given  under  yfinfitaticvk 

As  Frankland  remarks  (No.  firiG,  xlvi.  189-J,  p.  ISS^  th«ro  »  • 
discriminativeiiess  in  the  manner  in  which  Ijactoria  attack  a  particular 
CTilture  hiiih  which  is  dithcult  to  understand.  Thus  mannit«  and 
dulcite  closely  resemble  each  other  in  physical  propertieSt  and  aj  far 
aa  ascertained  their  chemiad  composition  is  identiral  Yet  unlinuy 
yeaat  refuses  to  attack  either  of  them.  Some  organisms  atlAck  llie 
one  or  other,  while  others  atuick  both. 

Certain  of  the  cleft  fungi  reipiire  a  fi*ee  supply  of  oxygen  ;  they 
are  called  aerobes.  Others  fail  to  grow  where  oxygen  is  pn*»rnl, 
and  are  known  u.s  anaerobes.  While  some  lead  both  an  aerobic  and 
an  anaerobic  existence.  Lilwjrius  (Na  366,  i.)  dividee  them  cun- 
sequently  into  three  groujis,  namely — 

1.  Obligat/iry  anaerolK*s,  which  reach  their  nptimum  growtli  cmly 
in  absence  of  free  oxygen,  ejj.  Bac.  butyricus  and  ihe  Bac  of  isaKgnant 
cedema* 

2.  Facultative  anaen>l»es,  which  grtiw  iK^st  with  free  Otxygeiiy  hat 
continue  t4>  live  and  multiply  in  nljeeiice  c»f  it.  Such  are  many  pntlia' 
logicjd  nucrolies,  ati,  for  instance,  Koch  s  comma  bacillus. 

3.  Obligatory  aerobes,  which  do  not  grow  in  abeenco  of  oxygen^ 
such  lis  Bac.  subtilis. 

S«inie  of  those  are  parasitic^  some  saprophytic.  A  third  cx>ntiiigei]t 
is  both  pirasitic  and  saprophytic 

Jllmmin  seems  to  l>e  the  material  u]>on  which  the  group  of  SebiJ^ 
mycetea  lives  and  flourishes  best,  either  in  its  raw  state,  110  in  wUli 
of  eg^^  or,  what  is  more  suiudile,  iti  the  form  of  peptone.  The  enlliire 
media  mo«t  in  me  at  the  iireHt-nt  djiy  aie  largely  composed  of  pefitoiie. 
The  necessary  salts  are  8upiM>ulded. 

The  addition  of  a  small  quantity  of  *flifrfritif^  as  discovered  by 
Uoux,  has  a  remarkable  effect  in  facilitating  the  gn>wth  of  eone 
varieties.  The  tubercle  Ijacillus,  for  instatice,  fails  l^i  gniw  on  ordinary 
llgu**peptone,  but  the  addition  nf  fnmi  5  to  (»  \wr  cent  of  glyi 
converta  the  medium  into  one  excellently  suited  for  the  purpoee. 
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Their  IkpndmlwfL 

1108.  As  liefore  st^tod,  all  the  schizomycetea  reprociiice  by  fission. 

The  majority  of  them  also  multiply  by  sporing.    The  determining^  c<au8e 

the  one  or  the  other  method  ajjjiears  to  be  the  richtiees  or  irourrress 

bf  the  soil  upon  which  they  are  grown.     If  ixirti^uhirly  rich,  then  they 

lultiply  almast  exclusively  by  tission ;  if  poor,  it  may  be  that  they 

ncreaae  to  some  extent  by  fission,  but  more  so  by  sporing.     jVnthrax, 

'for  instance,  grovring  upon  the  rich  albuminous  Ijasis  aflbrded  by  the 

living  blood  reprotluceB  itself  exclusively  by  fission.     Hi*wn  on  |x>tato, 

tioweverT  which  aftbrds  a  less  nutritive  pabulum,  it  increases  mostly 

by  formation  of  s[>orcs. 

Reproduction  by  Fission* — When  a  rml-shajjed  orgHuism  has 
reached  its  extreme  length  a  j>artition  appears  in  the  centre.  This 
assumes  a  homogeneoiLs  or  gelatinous  character  and  a  line  of  cleavage 
shows  itself  in  the  midst  of  the  partition.  A  complete  separation  into 
two  new  organisms  follows.  In  the  case  of  a  round  organism,  such  as 
coccus,  elongation  tiikes  place  so  that  the  body  becomes  ellipsoidal 
'^in  shape,  or  may  for  the  time  l>eing  assume  the  character  of  a  abort 
cylinder  with  round  extremities.  A  constriction  shows  itself  at  the 
middle,  which  deepens  and  finally  separates  the  single  body  into  two 
individuals.  The  resulting  parts  are  sometimes  unsymmetrical 
I»ivision  of  cocci  sometimes  takes  place  in  two  directions  (mierococcua 
tetragouus),  the  tetrads  }*eing  held  together  by  a  little  cementing  sub- 
stance. In  sarcina  the  division  follows  three  directions,  the  result 
^—being  a  cube  of  t^ixtecTi  members. 

^fe       Reproduction  by  Spores. — By  a  spore  is  meant  a  body  which 

^Hbiii  develop  into  a  series  of  new  generation  forms.     A  coccus  is  not 

^^(^spore^  because  it  invariably  remains  as  a  coccus  ;  it  does  not  proceed 

to  anything  further.     The  sjjore  is  always  the  commencement  of  the 

aeries. 


They  are  of  two  kiiid.s,  endogenous  spores  ftiul  arthrospores  (de  liary,  No. 
89,  p.  22).  Ejidogeiioufj  bikuts  uic  dt've  loped  wit  kin  imrout  ctdLs.  A  littk*  deiur 
i»mt,  say  in  the  case  of  anthrax,  rt|>i»«^ars  m  the  |irtitoplai*m  of  tlie  jtareiit  cell.  Tliis 
ecoiiies  liiore  deftned,  and  a  ea|iaiilG  fiinns  laiiiid  atM>ut  it.     It  ia  supimsed  by  Koth 

;  the  spore  of  ftnthr&3c  is  constituted  of  a  fat  droplet  siiTToniided  !>y  a  j>rc>tof)liiamic 
Dvelope  and  by  a  resiataDt  niembmne.  The  fat  droplet  confers  iwjwerji  of  iTsistanoe 
tod  wnres  For  nutrition  during  germination.  It  renders  the  spore  highly  refractile. 
lit  membrane  is  sonietirnea  double.  The  protoplasm  of  the  cell  diaappears^  being 
onHumed  probably  for  tht^  benefit  of  the  sporo.  It  aeenia  likely  that  only  one  spore 
brms  in  vavh  member,  say  in  n  chain  of  anthrax  segments.  Tlio  thinness  of  the 
arritioiis  between  the  segments,  or  their  disajjparance,  makes  it  ap|K«ar  sometimes 
t  if  there  were  eontinnoius  chiip1et.s  of  spoics.  The  spores  are  ultimately  set  free  by 
be  gelatinising  of  the  aepta. 

ArtliroHjwres  are  formed  in  the  following  manner: — One  of  the  best  examples, 

,  th«  one  which  if*  genL^rally  <|Uotedj  i»  at  the  instance  of  Ijcuconostoc,  the  frog- 
nWD-like  fungus  which  grows  on  the  ^ide  of  augar  vats  in  sugar  factories.     8o 
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rapidly  does  it  develop  that,  in  a  single  night,  it  may  spread  through  and  destroy 
an  entire  vat  of  sugar. 

Examined  microscopically,  it  is  found  to  be  composed  of  colonies  of  gelatinoii« 
capsules  of  great  size.  Within  the  gelatinous  substance  is  a  chain  of  small  round 
cells  or  coccus-like  bodies.  At  intervals  along  the  chain  individual  members  enlarge 
from  time  to  time  and  become  more  prominent  than  those  adjacent  Tbeae  are  the 
arthrospores.  By  deliquescence  of  the  gelatinous  envelope  they  are  set  free,  and, 
soon  after,  a  gelatinous  covering  again  begins  to  develop  around  them.  This  goes  on 
increasing  in  dimensions.  At  the  same  time,  the  spore  in  the  interior  diTidea,  while 
the  new  cells  arrange  themselves  linearly  as  before  and  repeat  the  arthrospore 
method  of  enlargement. 

The  occurrence  of  endogenous  formation  of  ordinary  spores  within  the  cholera 
bacillus  has  been  denied.  The  bodies  which  were  taken  for  sjMres  seem  to  hare 
been  merely  vacuoles.  The  formation  of  arthrospores  in  chains  has  been  described, 
however,  by  Hueppc,  and  his  observations  have  in  a  manner  been  confirmed  by 
Babes  and  Ncisser. 

When  an  organism  proi>agatC8  by  sporing  it  is  always  more  re- 
sistant to  time  and  extraneous  influences  than  when  it  increases  merely 
by  fission.  The  spores  can  generally  be  dried  and  yet  retain  their 
virulenca  Hence  the  danger  of  the  disease  engenderetl  by  the 
organism  being  transmitted  is  enhanced. 


Influence  of  Temjterature, 

1109.  Asa  rule  the  growth  of  the  cleft-fungi  is  facilitate<l  by  a 
temperature  higher  than  that  nccessiiry  for  the  moulds  and  yeasts. 
Many  of  them  grow  at  an  ordinary  summer  tem|>eniture  (anthrax, 
cholera  spirillum)  ;  others  make  satisfactory  progress  only  when  it 
comes  up  to  the  range  of  that  of  the  animal  body.  The  tem]>erature 
of  Iwiling  water  is  usually  rapidly  fatal  to  most  of  the  pathogenic 
schizomvcetos,  an<l  probably  to  all  if  continued  sufficiently  long. 
Some  of  them,  however,  fjj.  bacillus  subtilis,  withstand  it  for  long. 
It  is  in  the  spore  stage  that  they  present  this  resistance.  The  l>acilli 
are  more  readily  destroyed. 


Iiijiiniii'c  iff  f lie  lUuicfion  af  tlw  Culfure  MnVunn. 

1110.  Excess  of  acidity  or  of  alkalinity  is  injurious.  Most  of 
them  thrive  lH\st  on  a  medium  which  is  carefully  neutralised  or  inclines 
to  the  alkaline  side.  Jiarilhis  httfj/nrus,  however,  can  grow  in  an  acid 
medium,  and  inicinrtHrHs  vrra'.  in  one  which  is  very  alkaline.  Some 
growing  in  an  acid  medium  to  begin  with,  change  it  to  alkaline  and 
8ubse<iuently  flourish  ;  others  commencing  in  an  alkaline  medium, 
change  it  to  acid  an<l  proceed  to  develoj)  still  further.  Or,  l)eginning 
with  one  which  is  neutral  or  faintly  alkaline,  the  organism  may  flourish 
until  it  becomes  acid  ;  as  this  takes  place  growth  ceases. 
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Poicers  of  Movement. 

1111.  A  large  number  of  the  pathogenic  schizomycetes  are  motile. 
The  motility  is  quite  different  from  the  Brownian  movement  seen  in 
any  finely-divided  particles  suspended  in  a  liquid ;  it  is  usually  pro- 
gressive, and  would  almost  seem  to  be  purposive  in  character.  In 
certain  cases  it  is  of  a  dancing  character,  in  others  it  is  wriggling  or 
screw-like. 

When  any  true  vital  movement  is  perceived  it  may  be  concluded 
pretty  generally  that  the  organism  is  provided  with  motile  organs  in 
the  shape  of  cilia  or  flagella.  It  is  by  the  lashing  of  these  that  loco- 
motion is  effected.  In  some,  however,  they  are  apparently  absent  (de 
Bary).  The  cilia  not  only  set  up  movements  which  subserve  purposes 
of  locomotion,  they  also  excite  currents  which  attract  food  particles, 
etc.  It  is  only  those  indi\aduals  having  an  affinity  for  oxygen  which 
are  endowed  with  such  powers  of  movement.  When  they  come  to 
the  surface,  and  their  hunger  for  oxygen  is  satiated,  they  cease  to  be 
motile  apparently  by  losing  their  cilia. 

Staining  of  Cilia, — This  is  a  matter  of  great  difficulty  and  of 
considerable  importance  ;  the  cilia  cannot  well  be  seen  in  the  unstained 
condition. 

Loefders  meth<*d  is  as  follows :  Sow  the  organism  to  be  stained  on  gelosc  *  and 
place  in  the  culture  chamber.  Mix  a  small  particle  of  the  culture  \vith  a  drop  of 
water  on  a  cover-slip.  A  series  of  further  dilutions  is  made  U|>on  other  cover-slips. 
These  are  dried  in  air  free  from  dust  Fix  by  passing  over  a  naked  flame  and 
proceed  to  colour. 

This  implies  two  processes  :  (1)  the  application  of  a  mordant,  and  (2)  the  staining. 

The  mordant  consists  of 

A([ueous  solution  of  tannin  (20  grms.  tannin  to  80  c.c.  water)        .     10  cc. 

,,  ,,         ferric  sulphate  saturated  in  the  cold        .         .       5  c.c. 

Saturated  solution  of  fuchsin  in  absolute  alcohol    .         .         .         .       1  c.c. 

The  coloiiring  solution  is  composed  of  saturated  solution  of  fuchsin  in  aniline 
water,  to  which  are  added  a  few  dro})8  of  soda  (1-1000),  just  till  opalescence  com- 
mences. 

The  mordant  is  applied  by  pouring  a  drop  of  the  solution  on  a  cover-slip  held  in 
the  forceps,  and  heating  slowly  over  a  small  flame  for  half  to  one  minute.  It  is  not 
necessary  to  wait  for  the  drop  of  liquid  boiling ;  the  heating  is  sufficient  when  it 
begins  to  emit  vajwur.     Wash  in  distilled  water  and  in  absolute  alcohol. 

Stain  by  placing  a  drop  of  alkalised  staining  solution  ui>on  it  and  heating  care- 
fully for  a  minute.     Wash  in  distilled  water.     Leave  to  dry  and  mount  in  balsam. 

Tliis,  however,  is  not  everything.  According  to  the  si)ecies  of  bacterium,  it  is 
necessary  to  modify  the  reaction  of  the  mordant  by  adding  an  alkali  (soda  to  1  per 
cent)  or  an  acid  (sulphuric  acid  1*225  per  cent).  The  number  of  drops  of  either 
solution  requires  to  be  apportioned  for  each  microbe.  The  diverse  vibrios,  the  bac. 
pyocyaneus,  and  many  varieties  of  spirillum  require  the  addition  of  acid  ;  and  typhoid, 

^  Tlie  term  gelose  is  often  applied  to  the  agar  medium. 


970  SYSTEMATIC  BACTERIOLOGY  pabt  iv 

b.  subtilis,  and  the  b.  of  malignant  cedema  and  symptomatic  charbon,  micrococciu 
agilis,  etc.,  require  the  medium  to  be  alkalised. 

NicolU  and  Morax  (No.  423,  vii.  1893,  p.  554)  have  modified  thia  proccat  aa 
follows.  They  claim  that  thereby  the  staining  of  the  cilia  is  rendered  surer  and  that 
the  application  of  the  method  is  simplified  :  Mix  a  small  particle  of  the  microbe  from 
a  gelose  culture  with  a  watch-glassful  of  distilled  water.  Transfer  this  to  cover-slips^ 
The  cover-sliiMi  should  have  been  passed  several  times  previously  through  the  Bansen 
flame  and  allowed  to  cool.  If  this  is  not  done  the  liquid  gathers  in  isolated  drops. 
Allow  the  excess  of  liquid  to  run  off  and  dry  under  cover.  Place  a  lax^  drop  of  the 
mordant  solution  on  the  cover-slip,  heat  for  twelve  seconds  or  so  over  a  small  flame. 
When  vapour  ap|)ears,  discharge  the  extra  solution  and  wash  gently  in  a  stream 
from  a  wash -bottle.  Repeat  this  process  several  times.  Colour  by  placing  a  drop 
of  ZiehVs  solution  of  fuchsin  (vol.  i.  p.  136)  on  the  cover-slip  and  heating  onoe  or 
twice  for  a  quarter  of  a  minute.  Wash  in  water  and  examine  in  it.  If  the  staining 
has  succeeded,  dry  the  cover-slip  and  mount  in  xylol  balsam. 

One  cause  of  failure  in  staining  cilia  is  the  presence  of  glutinous  substances  in  the 
culture.     Tliese  can  be  removed  in  great  {tart  by  copious  dilution  with  water. 

Van  Ermengem's  prore.^,  which  is  highly  to  bo  commended,  is  as 
follows : — 

(1)  Tliere  must  l»e  absolute  cifaniinfss  of  the  cover 'fjlasats.  To  obtain  this,  Iwil  in 
the  following  sohition  : — 

PotaMsii  bichrom.     .  .  .60  grammes 

Acid.  Hulphuric.  concentrated  .  .         60       ,, 

Water  .....     1000       „ 

WaMh  Noveral  times  in  water,  tlieu  in  almolutc  alcohol,  and  allow  to  dry  in  the 
vertical  iHjsition  under  a  1h»11  jar  in'thmU  iripimj, 

(2)  To  obtain  g<xxl  pre}»aratiou.s  the  culture  must  l>e  fresh.  An  agar  culture  nf 
10-18  hours  is  bt'st.  In  making  the  cover-glass  prt»i»arati<m  dihite  well,  »o  that 
littU'  organic  matter  is  prcM'nt. 

!.'i)  The  fixing  Imth  wliich  gives  the  l>ost  results  consists  of 

Osniic  acid  (2  |>er  cent  s<>lution)    .  .  .     1  i>t 

Tannin  (solution  of  10  to  2*)  jicr  cent)       .  .     2  i»ts. 

To  every  100  c**.  <>f  tannin  solution  a<hl  4  to  f)  drops  of  glacial  acetic  acid.  Tlii* 
forms  a  s<irt  of  ink.  I*ut  ii  drop  on  the  cover-glass  and  leave  half  an  hour  in  the 
coM.      If  heated  to  r»0'-60*  C,  five  minutes  is  enough. 

(4)  The  ) (reparations,  after  having  U'en  washed  very  carefully  in  water  and  in 
al(*ohol,  an'  plunge<l  for  Af'nr  .H»roniis  in  a  liath  of  nitrate  of  silver  of  from  0*5  jwr  i-vnt 
to  0**2r>  |H'r  cent. 

(r>)  Next,  trithint  intAhimj,  they  are  jiasaed  into  a  re<lucing  liatli,  viz.— 


IVrogallic  acid 

T)  grammes 

T.innin       .             .             .             . 

3       „ 

Ai'ctate  «if  sjxhi  (nwlte*!)    . 

10       „ 

I)istillf<l  water 

.     3:)0       „ 

Aft<-r  a  few  s*-<onds'  constant  shaking  of  the  hath,  i-epla<-e  in  the  silver  luath. 

It  is  netessarv  to  stoj>  the  «»|M'ration  when  the  silver  l»ath  commences  to  liei^me 
l.lack. 

Then  wasli  in  ahundance  of  water,  tXvy  gently  lutween  blotting  l^ajier,  and  mount 
in  Italsani. 
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Modificaiimi  of  Van  ErmengenCs  Method  by  WUgeiodL 

A  fresh  culture  of  the  organism  to  be  stained  is  diluted  to  a  weak  turbid  fluid 
with  water,  in  doing  which,  introduction  of  any  of  the  medium  must  be  carefully 
avoided.  The  cover-glasses  to  be  used  are  cleaned  with  anmionia,  then  with  pure 
alcohol,  and  wiped  with  a  linen  cloth,  and  the  surface  to  be  used  is  heated  over  a 
Bunsen  burner  after  removal  of  any  linen  fibres  with  a  camel's  hair  penoil.  The 
fluid  is  spread  with  a  short  platinum  dse  of  about  }  mm.  diameter,  so  that  it  becomes 
well  distributed.  Then  follow  drying  of  the  fluid,  and  placing  of  the  cover-glass  for 
one  to  twenty-four  hours  in  the  following  mordant : — 

I. 

1  part  2  per  cent  osmic  acid  solution, 

2  parts  20  per  cent  tannin  solution. 

After  careful  washing  in  distilled  water  and  absolute  alcohol  the  preparations  are 
placed  for  ten  to  twenty  minutes  in  10  per  cent  nitrate  of  silver  solution,  are  removed 
singly  and  washed  for  about  five  seconds  with  distilled  water,  and  are  then  laid  for 
ten  to  twenty  minutes  in  the  following  solution  : — 

II. 

Pyrogallic  acid              ....  5  grammes 

Tannin              .            .            .            .            .  3      „ 

Acetate  of  soda  (water  free)      .            .            .  10      „ 

Aq.  destill.        .             .             .             .             .  350       „ 

Aft^r  again  washing  with  distilled  water,  the  preparations  are  introduced  singly  into 
a  watch-glass  containing  0*3-0*4  per  cent  nitrate  of  silver  solution.  They  are  left  in 
this  two  to  three  minutes,  and  during  active  movement  of  the  fluid  in  the  watch- 
glass,  a  solution  made  by  diluting  Solution  II.  with  10  parts  of  water  is  allowed  to 
run  from  a  pipette  into  the  watch-glass.  After  the  fluid  has  become  much  dark- 
ened, the  preparation  is  taken  out  and  washed  quickly  and  carefully  with  distilled 
water.  The  quickness  with  which  the  fluid  is  allowed  to  run  out  from  the  pipette 
and  the  moment  of  removal  are  important  for  success. 

Sclavo  (No.  423,  vii.  1893,  p.  220)  adopts  the  following:— 

Ho  mordants  the  preparation  for  a  minute  at  first  with  a  bath  containing 
1  grm.  tannin  in  100  c.c.  alcohol  at  50"  C,  and  conveys  it  next  into  an  aqueous 
solution  of  phospho-tungstic  acid  for  something  like  a  minute.  It  is  then  washed 
rapidly  in  distilled  water,  and  placed  for  three  to  five  minutes  in  the  Ehrlich 
colouring  l)ath,  slightly  warmed.  The  proceeding  is  completed  by  washing,  drying, 
and  mounting  in  balsam  dissolved  in  xylol. 

Cilia  and  Diagnosis. — Of  late  a  good  deal  has  been  made  of  the 
presence,  character,  and  number  of  the  cilia  as  a  means  of  diagnosis  of 
the  particular  microbe,  or,  it  may  be,  as  in  the  case  of  the  cholera 
spirillum,  of  the  particular  variety.  Nicolle  and  Morax  (No.  423,  vii. 
1893,  p.  554)  show,  for  instance  (Fig.  573),  that  the  cilia  attached  to 
cholera  spirilla  taken  from  different  localities  differ  in  number  and 
disposition.     In  one  variety  from  India  they  are  absent,  and  this  also 
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is  the  mily  one  which  i^  non-motile.     Of  the  others  thei^?  iin-  *««» 
types,  which  are  indieatet]  *is  follows : — 

(1)  A  single  ciliiim  is  i^itiiated  at  one  of  the  extrcmiti  i*- 
organism.  S«imjil«^M  from  Shanghai  and  H^imbnr^;,  from  i  le 
and  Angers,  follow  this  ty|K?.  The  vibrio  of  FinkIer-F*rior  afii  i 
Dcnuke  (p.  r>r)0),  ami  th;it  of  Kfiniirelli  anil  BhirhAtiMn,  m\m  jKv^i.; 
thill  pociiliikriij.  Locfller  nUo  describes  n  single  cilium  in  the  cose  of 
the  spinlium  of  MetchnikoflT. 

(2)  Mnltiple  ciliii  come  off  iit  different  parts.  Thus  the  diolem 
parasite  of  M/LSBovv:d),  Cidcntta,  and  Paris  is  characteridec!  hy  the 
presence  of  fr)ur  cilia  conn'ng  off  two  hy  two  at  each  end.  There  are 
sometimes  three  at  one  end  and  one  at  the  opposite.  They  have 
never  seen  a  greater  numlier  of  cilia  than  this  in  any  example  of  iJio 
cholei^a  s^pirilltim.  Cilia,  however,  are  very  fnigilo,  and  are  emly 
detached  hy  the  neccssiiry  manipuhitions. 

These  two  tyj>e^  are  not  nuMliHtnl  hy  {mRsage  through  the  ^yufna 
of  Man  or  animala.  They  preserve  their  ilisiinctive  characteni  under 
all  circumHtances,  The  unietliateil  vil>no8  artj  onUnarily  shcttler  and 
more  comma-tihapcil  than  iht'  pi lu [ciliated. 

It  han  been  alleged  that  the  bactllus  COlt  c^n  be  distingllilhed 
from  that  of  typhoid  fever  hy  tho  fart  th/it  the  former  ahmp 
possesses  fewer  flagella  than  the  Utter*  Hu^illuH  coli  poieenes 
ordinarily  six,  and  exceptionally  eight  to  ten,  while  that  of  typbcnd  is 
prtmded  with  from  ten  to  twelve.  It  shield  \x*  noted,  however,  that 
those  of  bocilhis  cfjli  are  more  brittle  than  those  of  tyi)hoid. 

The  cilia  are  ^unr times  ]»eeuliarly  tortuous.  Sakhamff  (Na  ifX 
viL  1893,  p.  550)  deacribes  the  cilia  of  an  organism  found  by  him  In 
cholera  8t<K>1a  as  l>etiig  remarkable  in  this  resjiect.  He  betteirtii^ 
however,  that  snch  bacteria  rcpreM»nt  simply  evolutional  forms  irf 
the  organism  of  choleni  a^iatica.  Their  cilia  re^cmbl**  in  tortutMitv 
the  coils  of  a  spirillum. 


4 


Caufik  Advm  upon  the  Tmnes. 

1112.  Seveml  of  the  ]kathogen)c  cleft-fungi  have  a  cHUt^srisii^ 
caustic  action  on   the  {mrt    in   which    they  li%*e.     One  of  thu  bcsl 
examples  of  an  organism  of  this  kind  is  the  tubercle   baciUusw     In 
whatever  tissties  it  grows  its  prcsetice  is  accam|mnted  by  <»8ea!^       ' 
the  part  in  which  it  is  enclostnl     This,  although  pre<lis|Hjs<Hl  to  ' 
want  of  vftscidarity  of  tuhcn'ch*  as  n  tumour,  seems  nevertheless 
greatly  etrecte<l  throngh  sfmiethrng  secreUil  by  thr  luicillus,  ami  ^ 
presumably   souks   into   the   surrounditigs.       It   catinot  h(*    tliat   tke 
bacillus  jiftstracts  the  noiirishmcnt   fnun  the   part  and   enujic<!s   it   to 
necrose,  for  in  quite  young  tubercles,  in  which  only  indivitlunl  hsnW 
can  Im*  detected,  and  these  at  wide  intervals*  caseattofi  may  hare  bit 
advanced. 


#  ®^ 


■  13.  14.  Ifi 

■  FlO,  6TS.— CiLLATED  PATHiHiKSTC  <JR<>ASIhMs. 

7b  Typhoid  f^!Vf?r;  (2)  bjic,  coli ;  (3)  b.  of  Fhikl^^r  and  Prior;  (4)  b.  fif  D<»neke;  (5)  *'vrbrfo 
icldo";  («)  V.  lit  Niiuuflli  (Suri'^uw);  (7)  v.  of  chuk^ni  (Ahs**!*!*);  (8)  v*  of  cho1cr«  (Omrbevoitt) ; 
►  V.  of  cholera  (Httitibnrgi;  (10)  v.  of  cUolera  (Sliaii^liai) ;  (U)  v,  uf  cholcr*  (M*«owali.  rouuil 
rm);  (U)  !•».  (••lougaU-d  fomi);  (18)  v,  of  Lsiw  dioleni  •,  (14)  v.  of  Indlftu  cholem  (devof«l  uf  cilin)  - 
^)  V.  Qt  cUolem  (Qilcu  tU). 


1 
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III  haclerial  necnisia  of  the  liv«r  (p.  2S5)  death  of  th«  tissue  takni 
pla^'e  for  a  long  (iisUnce  uixmiid  thi*  tlo[Mi«iu  of  the  orguiiisniAt  *iml  in 
all  likelihocKl  i^  hIbg  to  bt^  atToimttnl  for  hy  the  destructive  ttillti«iic^«if 
the  secretions  from  these  urganisniK. 

Whether  the  ^ummaUi  of  syphilis  are  to  be  explained  upim  the 
Dame  groujid**  may  he  a  matter  of  i|Uestion.  The  maaaea  of  dtsui 
tieatie  found  in  pseudo-aeute  yellow  atrophy  (p.  233)  may  powjhly  W 
duo  to  a  like  cause. 


1113.  Bright  t^unlight  exert«  a  retarding  if  not  a  destnictl^ 
influence  upon  the  giow th  of  mmt  microphytes.  The  following 
p<.*riment  (Buchiier,  Mar^hall-WnnK  etc.)  haw  a  direct  l)earing  ujMin 
thift  subject  Mix  a  culture  of  anthrax  8|K>res  with  agar  medium,  and 
|Kiur  the  mixture  into  a  F*etri*s  eaiwiukv  Cover  the  ca]>flule  with 
lilaek  pa|K?r,  and  cut  out  a  figure,  say  a  letter  of  the  alphabet,  in  the 
[m|4er  on  the  floor.  Vam  a  fitream  of  sunlight  reflecteil  from  a  plane 
mirror  through  the  aptjrture  for  twenty-four  hours.  Then  plaer  in 
the  incubator  for  three  t-o  four  days,  (colonies  grow  on  evcTv  jmri, 
iinleMg  where  the  hght  has  streamed  through  the  medium,  ManiliaU* 
Ward  (No.  IIH,  lii.  1892-93,  p.  396)  lielieve^  that  the  tanJiglit 
actually  destroys  the  orgatiism,  for  portions  of  the  mcilium  romovtd 
from  the  clear  area  remain  sterile  even  when  tube  ctdtureft  aro  nuule 
from  them.  So  far  a^  hi«  exjHTiments  have  gone,  they  «hnw  that  tbe 
effeets  of  the  electric  light  are  feel>ler  than  that  of  the  «un,  Thia 
Ivietericidal  action  of  the  surt!^  rays,  tnoreover,  h<?  find«  (Xo,  141>.  liiL 
IM93,  p.  28),  is  due  to  those  in  the  blue-nolet  half  t»f  the  *j>«*ctrum. 

Spores  are  pretty  genendly  iwimitted  to  be  [»rovide<l  with  m  |»fu* 
leetive  fatty  »heath  or  iuvestmont,  and  a  good  part  of  their  reei^tJinre 
eaema  to  be  accounted  for  by  it«  prei^eTice.  It  is  aaid  that  the  minltghl 
oxidiaea  this  and  expoaes  the  germ  of  the  spore  in  the  iutarior. 


Pi^mmi'farmifpj  Froptriies, 

1114.  Many  of    the  cleft-fungi,   pathogenic   and    non-pa11iiMn*i 
i||B  chromogenous — that  i«  to  say,  have  the  i>owor  of  devel  u:- 

ment.  The  pigtnent  is  contained  either  in  their  substance  or  %u  th« 
surrounding  miHlium,  Thus  Sarcina  lutita,  Mierococctui  lateiti,  mxA 
Mi^  ciTri*us  flavus  thmw  out  a  golden  yelhw  ;  Baeilhis  hitett*, 

Stn  tt-   ])vn'^cnef*  aurt'Urt,  more  or  less  of  an  orangi;  ycUow  , 

Bacillii-  1    red.  Microc(R-cus  prtHligiiisus,  a  roso  red;  and 

ReggiuL I    .  iciiLa,  more  uf  a  violet  red;    Micmcoaciui  citsi^b- 

liareus,  a  einnaliar  red  ;  Micrococcus  rosousv  Streptothrix  of  Kp[ii]igvr« 
and  HoBe-yeast,  more  of  a  Hesh  colour  ;  Ifaciltus  vioIaceuM^  a  vk>kt 
bkek ;  and  Bacillus  janthinus^  a  delicate  violet.      Matiy  of  them  aflbcii 
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a  green  colour,  such  as  Bacillus  pyocyaneus,  R  fluorescens  liquefaciens 
and  non-liquefaciens,  and  the  organism  of  green  diarrhoaa  of  infants. 
Bacillus  f uscus,  Cladothrix  dichotoma,  Spirillum  cholerse  Asiatic®,  and  R 
mallei  afford  a  brown.  Representations  of  some  of  these  organisms 
growing  on  different  media  are  given  in  the  accompanying  colouretl 
plates.  Certain  of  them,  as,  for  instance,  that  of  glanders  (Figs, 
506  and  507)  and  cholera  (Fig.  492),  are  uncoloured  on  one  medium, 
coloiu-ed  on  another.  In  certain  cases  the  pigment  is  deposited 
in  the  capsule  of  the  organism,  in  others  in  the  protoplasm  in  the 
interior. 

Some  of  these  pigments  have  been  isolated,  and  have  received  distinctive  names, 
such  as  bacUriO'purpurin,  pyocyaninj  etc.  Optically,  they  resemble  in  some  resjiects 
aniline  dyes ;  it  must  not  be  concluded,  however,  that  they  are  alike  in  com- 
position. 

Pyocyanin  was  isolated  by  Fordos  (No.  40,  li.  1869,  p.  215),  has  basic  characters, 
and  is  probably  closely  allied  to  the  ptomaines.  The  sulphate  and  chloride 
crystallise  in  red  needles,  and  solutions  of  the  same  are  precipitated  by  gold  chloride, 
platinum  chloride,  potassic  iodide,  mercury  chloride,  tannin,  etc.  With  fcrrid- 
cyanide  of  potassium  and  chloride  of  iron,  pyocyanin  gradually  throws  down 
Berlin  blue  more  slowly  than  morphia.  It  is  soluble  in  water,  particularly  so  in  hot 
water,  in  alcohol,  and  in  chloroform,  less  so  in  ether.  Its  solutions  have  a  bitter 
taste.  Exposure  to  air  and  all  other  methods  of  oxidation  cause  it  to  pass  into  a 
yellowish-green  substance,  pyoxanthose,  crystallising  in  small  yellow  needles.  The 
nature  and  properties  of  this  yellow  colouring  matter  are  not  so  well  known  as  those 
of  pyocyanin  itself.  The  Bacillus  fluorescens  liquefaciens  and  B.  fl.  putridus  also 
secrete  it  Pyocyanin  does  not  seem  to  be  toxic  ;  the  organism  which  secretes  it, 
the  Bacillus  pyocyaneus,  does  not  appear  to  take  any  part  in  the  causation  of 
suppuration,  even  although  it  is  found  growing  upon  pus.  The  greenish  colour  of 
cultures  of  the  organism  in  bouillon  is  due  to  the  development  of  pyoxanthose. 
When  the  organism  is  cultivated  free  from  oxygen  it  grows  well  enough,  but  the 
culture  liquid  is  uncoloured  by  it.  The  organism,  it  should  be  mentioned,  is  not 
peculiar  to  pus,  although  found  oftenest  within  it.  It  is  also  the  cause  of  coloration 
of  blue  sweat. 

Extraction  of  Pyocyanin. — Gessard's  process  is  as  follows : — Treat  the  lirjuid 
containing  it  with  a  little  ammonia  and  with  chloroform.  To  get  rid  of  im]mrities 
such  as  fats,  filter  and  shake  with  water  acidulated  with  sulphuric  or  hydrochloric 
acid.  The  pyocyanin  passes  into  the  water  as  a  red  combination,  while  the  chloro- 
form retains  the  fat  and  the  yellow -green  pigment  pyoxanthose.  The  acid  aqueous 
solution  is  saturated  with  ammonia  or  potash  ;  it  becomes  blue.  Filter  and  treat 
with  chloroform.  The  chloroform  abstracts  the  pyocyaniii ;  evaiK)rate,  and  it  is  left 
in  the  form  of  deep  blue  crystals  like  indigo. 

Conditions  of  Secretion. — Organisms  develop  pigment  only 
when  they  have  free  access  to  oxygen  (Liborius).  If  they  are  grown 
in  an  atmosphere  devoid  of  oxygen,  or  if  the  culture  liquid  is 
covered  with  oil,  they  fail  to  develop  colour.  A  great  deal  depends 
also  upon  the  basis.  Thus  potato  is  favourable  in  most  cases,  and 
particiilarly  if  it  is  slightly  acid.  In  some  instances,  however,  an 
alkaline  reaction  is  preferable.     Sunlight  is  unnecessar}-. 
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ruti? 


Photogenous  Organisms.  —  Phusphoix^^cence  is  a  {impor^ 
comtnon  to  insiny  organisms.  The  |>ln>«phorc»ccnt  light  of  J*elaffm 
iPxlilHCH  is  chie  to  the  Banllus  /trhujin  which  Uvm  in  the  niuciu  of  H* 
ccttxlcmi.  The  ]ihi»4phore^ceiiw  of  <lecayin^  fish  nnd  utlier  »iiiinii 
TUMltor  is  caiisiMl  liy  the  powth  of  a  photogenous  orgimi^m  »pm  them. 
It  is  H  prcipcrty  whioh  i^  comniou  to  many  \Tintaies,  sfuch,  for  insUnoe, 
HA  the  HieillitJ^  jihoHplioreaixnis  from  s«^a  vvitier  in  tht*  vicinity  of  tl»e 
W'i'st  Ijiiiies  Hiid  the  liiicteiiuni  phoBpliorescens  of  Fischer,  The  light 
i»  so  lirilliant  when  the  eulttire  in  8iK'ce.H)ifni  ^8  to  en&ble  a  |ienioii  to 
read  by  it.  It  has  even  heun  found  |x>ssiblc  to  photograph  bv  mean^ 
of  it. 

The  !)est  riilture  Huid  is  a  brcjth  nintle  fnini  tish  with  sea  waW. 
Bey ri nek  reeummends?  the  following,  w*hich  will  be  fonn<l  rxcclleol  for 
the  puqwse : — Fish  broth  iiifttle  with  sen  waU!r  +  1  per  cent  glycerine, 
J  jKT  cent  !ispai*a;^n»  and  ^*<  per  cent  gelatine. 

Fluorescence.  —  Several  of  the  |)iguient8  in  i|iieatioii  cuiifer 
another  property  ii^Hiri  the  tnediuui,  auniety,  that  of  tluor^soetiee. 
Such  i8  the  ca^e  with  the  gieeninh  pigment  hecreteil  by  the  IWiHu^ 
pyocyaneua,  tho  pigment  of  B.  tluorescens  nonliqiiefacietiA,  etc 
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iiiiArt  'loiint.  \\'u\  8i\,  %Ui.  \H7^,  p.  40.H,     Lemun  (CnlttUfM  mi  Olaiifwl  ]l«kn! 
Am*.  ^Urini*!,  iWiUMir,  v.  18J>l,p,  70".  Moral  |S<»1ijM*'  rnHlmt  of  !Ur.  pvnj 
Aix^li>  fli'  ]tliyn»*>K   unnn.  vi  imth,,  iv,  \S92,  p.  iiM\.     Rohrer  irij^nt-ur'  fcifmi-*^!  W 
Hiu\    l»vn,v .'•-■-       '  ntitmlm.   r    Bnktvriol.   a.    Viw^i-^iUukuink.,    xi.    !^i»2,  j*^  32?'. 
Schaefer  :   i  I^ lim  v.  <1.  }«th.   KiKmnrlikitttik  \\.   Ikir.   PyiMyattciui^  1991. 

Schimmelbiisi  n  rii  IW  Ami  tUr.  PviMViauuHj :  Siiiiunl.  klin/ VuVtrtiM  1608* 

No.  62  (Cliih  Ku,  ]5,  |i.  30S).      Wassersu^  (lUi^  Pyocyaamt*)  i  Aaa.  d«  llairt. 
PasU'ur,  i.  18«7, 


1115.  When  growing  in  the  tisaues  or  uj»on  the  contenta  of 
iltrmiJich  Hn<l  intestine,  certain  of  the  organiAniH  at  present  Iwiog 
ridennl  huvi*  the  projierty  of  evolving  g?i8.  Such,  ftir  instance,  aro 
of  ftyinpt^miatii!  anthi-nx  and  of  the  ftoealled  '*  Ben m  liver  "  (Schaaai* 
h?biT).  In  the  former  ca»c  the  gjia  geta  into  the  BulR'uUinemis  ar«ohr 
tij^HUes  anil  giveB  rij»e  U)  a  crackling  swelling  ;  in  the  Utter,  accnrdtiig 
to  ¥*rmi  (No.  ID,  cxxxiii.  1X1)3,  p.  308),  a  smalt  ImeilbiH  fniettfifia  in  ihe 
Hvcr,  causing  it  to  be  filhMl  afti^  death  to  Mich  an  extent  with  fpu§*hJk 
that  a  frwmy  <lepcMiit  can  be  scraped  fn)m  the  cnt  aur&ure.  TllOit 
which  Hourish  within  the  alinsent^iry  catial  have  already  been  refonwl 
to  (p.  497). 

The  giLses   Involved   coiHiist  of    carlionic  acid,  light  aurburelMl 
hydrogen,  ittiil  hydrogen. 
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The  Soil  as  a  Harbourer  of  Pathogenic  Organisms. 

1116.  Many  pathogenic  organisms  can  live  in  the  soil,  and 
apparently  multiply  within  it.  Thus  the  organisms  of  malignant 
oedema,  of  tetanus,  and  of  anthrax  may  all  be  obtained  from  soil.  The 
spores  of  anthrax  may  live  for  years  within  it  apparently  unharmed. 
The  organisms  of  suppuration  are  also  sometimes  derived  from  it. 

The  surface  microbes  appear  to  be  mostly  aerobic,  those  which  are 
deeper  down  anaerobic.  The  latter  extract  their  oxygen  from  oxygen 
containing  compounds,  a  property  which,  like  that  possessed  by  others 
of  extracting  free  nitrogen  from  the  atmosphere,  they  have  probably 
acquired  as  a  matter  of  necessity.  Very  deep  levels  of  the  soil  (12 
feet)  seem  to  be  incapable  of  supporting  bacterial  life,  and  are  generally 
sterile  as  a  consequence. 

Mutual  Antagonism  of  Microphytes. 

1117.  A  most  interesting  and  practical  question  comes  to  be 
whether  the  growth  of  one  organism  in  the  blood  can  be  prevented  by 
that  of  another.  Reference  has  been  made  already  (p.  156)  to  the 
work  of  Cantani  in  this  direction.  He  employed  the  organisms  of 
putrefaction  against  the  bacillus  of  tuberculosis.  The  results  were  not 
very  encouraging.  Possibly  it  may  be  that  the  bacillus  of  tubercle  is 
too  strong  for  those  of  putrefaction,  for,  as  before  alluded  to  (p.  145), 
tubercular  tissues  do  not  exhibit  evidence  of  putrefaction,  even  although 
they  may  be  falling  to  pieces  and  in  process  of  being  converted  into 
phthisical  cavities.  Growing  side  by  side  with  the  tubercle  bacillus, 
in  the  discharge  from  these  cavities,  numerous  other  organisms  may  be 
found.  But  they  do  not  appear  to  exert  any  inhibitive  action  upon 
its  vitality.  In  the  discharge  from  the  vulva  or  urethra  infected  with 
gonorrhoea  many  cocci  besides  those  of  Neisser  are  found.  Some  of 
them  are  present  in  the  urethra  naturally.  Such,  for  instance,  are 
Micrococcus  lacteus  faviformis  (normal  vagina),  M.  subflavus  (lochia), 
M.  albicans  amplus  (rarely  in  vaginal  mucus  and  in  simple  lu^ethritis), 
M.  albicans  tardissimus  (urethral  discharges),  M.  citreus  conglomeratus 
(blenorrhagia).  These  all  grow  side  by  side  with  the  gonococcus,  and 
do  not  interfere  with  it. 

Indeed  we  know  that  the  virulence  of  the  diphtheria  bacillus 
gradually  dies  out  unless  it  is  grown  along  with  other  organisms. 

Notwithstanding  this,  however,  there  is  always  the  question  as  to  whether 
particular  organisms  may  not  be  found  which  are  inimical  to  the  growth  of  others. 
To  the  solution  of  this  question  Pawlowsky  (No.  13,  cviiL  1887,  p.  494)  and  Em- 
merich and  Di  Mattei  (No.  11,  v.  1887,  p.  653)  have  addressed  themselves.  Anthrax 
was  the  organism  selected  in  both  cases  for  expeiimeut.  Pawlowsky  found  that 
anthrax  bacillus,  mixed  with  various  other  organisms  and  injected  subcutaneously, 
failed  to  set  up  the  disease.  Of  all  the  organisms  he  employed,  FriedlJinder's 
Diidoooccus  pneumoniae  fibrinoste  was  most  etfectual ;  Staphylococcus  pyogenes 
VOL.  II  3  R 
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aureus  cAme  next.    Tliinlly,  cvfii  a  n<in-jMiihoK«"ic  org»tiUiii,  nurh  ni  R^  'f'  — 

digtostts,  iti  tome  cmcs  prevented  the  onnirrcnc^?  of  the  di«e*»e.     Fourth  in 

Stif  pt<M!occui  erjBipelBtosufs.     When  the  countomctixtg  orgmtilsm  wu  iuj^vMr*^  iku 

tb«  circulttttonf  he  found  that  nioht  HUtce««  iittcindcd  the  ptnpluynieiit  of  ; 

dfploccHxL 

A  ;;n^jit  il^al  df^iend*  upon  the  atreugth  of  the  organivm  employod  s*  tli»  c 
Agent  and  ulso  the  quantity  injoetDd,  Emmmch  and  Matte]  found  that  the 
of  ery»ip<?lA9  was  partirularly  tniuiicai  to  anthmx,  and  that  Hm  pffi^ct  waa  far  ami 
reinarkalde  wlien  it  was  t^iken  dirwtly  from  a  }H?r!Min  d«'std  of  rrynipclan,  InjoeliiUM 
of  thh  org.iniani  have  boett  said  to  liave  n  mtro^i^ssivt)  idfiK-t  u[*Qn  Lh»  growtli  of 
maligHAUt  tumours*.  An  aiijm«l  prejiared  hy  the  injection  of  er^'sipclas  ctwHiaa  I 
ita  8ulH!Utane(>u»  att^oleir  ti^vue  in  prttof  nj;;aini»t  anthmx  inj(Hrt«d  in  a  tike  fai 
«*v«n  in  large  tloj^v^i.  Tlie  anthmx  burtHi  diMi|i|N;»r.  and  thi^y  jkap)»uaa  %h&y 
deatroyod  at  the  ]»oint  of  iujcctiun  hiTon;  tht-y  have  had  a  i:hanci3  of  eotcring  I 
blcMicI-  or  lyinph-chnnneli. 

Fermentation. 

1 1 1 8*  Definition, — By  it  h  mwuit  <t  imKcss  trhrr^ cmnpkz d^mmti 

nmnth  ttr*"  splif  up  mto  iht»sf  irhkh  mesimplfr.  It  is  fioooillpuiwl  bf 
ihc  tilMsnition  of  heat.  During  the  pmces^  the  fitcitns  pcuss  tntm  ah 
unstaltlu  to  a  stu1»lt*  condition.     It  is  ciitised  by  lht»  action  of  u  ferment. 

Ferments, — Thus**  are  of  two  kinds:  (I)  living  unci  urgaiiistHl,  m 
in  the  ca^o  of  tht?  yt-awi    plitnt ;  hiuI  (2)  eii;&ymea  (cV^i'^t/,  lettveu) 
8ub»^tHnces  ssecrctcd  by  living  ctdln. 

In  the  ai^  of  tin"  Jirsi  i/r  ofgattiml  ftnnenh  the  siibstaiice   to 
fermented  probibly  pa8»et«  int^o  the  cell,  and  is  tnLnsformed   into  I 
complex  molecnles  in  it^  proti  iplajsim.     Those  are  rejected  or  accumuLUe 
aa  a  residue,  anil  it  usnully  happens  that  when  they  have*  nccnimQlat 
up  to  n  given  [xdnt,  they  exrrt  ii  deterring  inflnrnre  njujn  the  furtl 
tocliiin  of  \\w  urgJinisin  pn Mincing  thetn  and  fiTmt'ntiiti«»n  ceases. 

Thus  when  the  alcohol  in  idcoholir  fcrnicntulion  aiuuiuiUi  to 
thing    like    14    per    cent    itg    fonnittiou    eeu^ies ;    when   carbotiat4}   of 
ammonia  accuniulateii  to  abijiit   1 3  \ii*v  cent  in  ammoniacai  femiefitA 
tioQ»  the  further  pi-ogre8g  of  the  fermentation   is  fnistrated.      In  thr 
lactic  acid  ami  butyric  acicl  fcrnicntutinnji  the  Banie  thing  happeOA. 

It  must  not  bp  snppo.sed,  however,  that  a  living  ferment  like  iht 
jfonst  plant  is  capable  of  existing  entirely  upon  the  suliKtAm^^  it 
fermvntii.  Veast  stiwn  upm  pure  sugar  fads  to  liring  about  fermentA' 
tiou  Mid  soon  dies.  Like  other  living  and  growing  orgauisnns  tlie 
yeast  plant  requiiej*  a  free  tiupply  of  proteiii  to  uiaiiiUiiu  itself  u 
This  is  always  contained  in  solutions  ca^Kible  of  being  fennent«i  hy 

The  members  of  M*r  second  ffnmp  or  thit  nf  ihf  tikznmu  m  -^tii 

When,  for  ins^tance,  the  liquid  in  which  the  fipirillum  of  S  iiol 

hat  been  grown  \^  ^cjwimted  from  the  organism  and  adtlcd  to  gehii 
medium  it  liquettes  the  gelatine,  owing  to  it«  contiuriirig  a  iolia 
enjsyme  secreted  by  the  spirillum. 

It  is  sometimes  ewid,  howevrr,  that  the  diffrrenet!  in  the  f 

the  two  kind^uf  ferment  is  only  HUpt*rficiaL     U  luis  beeiiaft^^t 
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yeast  yields  a  ferment,  invertin,  which,  quite  apart  from  the  living 
principle  of  the  yeast,  is  capable  of  converting  cane  sugar  into  invert 
sugar  (a  mixture  of  left  rotating  sugar  and  of  dextrose).  Further 
corroboration  of  the  assertion,  however,  would  be  required. 

These  enzymes  are  formed  largely  in  the  animal  body  as  a  result  of 
the  action  of  living  cells,  and  are  utilised  in  the  preparation  of  the 
various  food  stuffs  for  assimilation  and  for  other  purposes.  It  should 
be  remembered  that  all  enzymes  are  readily  destroyed  by  heat. 

The  chief  varieties  are :  (I)  the  diastatk,  converting  starch  into 
sugar ;  (2)  the  proteolytic,  rendering  insoluble  proteids  soluble  ;  (3)  the 
gliicvsk,  transforming  glucosides  (compounds  of  sugar  and  an  aromatic 
principle)  into  sugar  and  simple  benzole  derivatives ;  and  (4)  the 
invertimj,  changing  cane  sugar  into  grape  sugar. 

Continuous  Fei-mentaliatuf. 

It  sometimes  happens  that  the  products  of  one  kind  of  fermentation 
act  as  the  pabulum  for  a  second,  and  it  may  be  a  third.  Thus  starting 
with  sugar,  the  yeast  plant  may  convert  it  into  alcohol,  the  bacillus 
aceti  splits  up  the  alcohol  and  transforms  it  into  acetic  acid.  After  all 
the  alcohol  has  been  consiuned,  the  bacillus  aceti  can  attack  the  acetic 
acid  and  burn  it  completely  into  carbonic  acid  and  water.  Or  it  may 
happen  that  the  acetic  acid  stage  is  carried  a  step  further  by  the  access 
of  putrefactive  organisms. 

Nature  of  the  Cliemical  Interchange.^, 

In  the  various  fermentative  processes  the  chemical  action  appar- 
ently is  not  always  alike. 

Thus  in  the  ordinary  fermentation  of  grape  sugar  the  essential 
nature  of  the  process  may  be  described  as  that  of  transference  of  the 
oxygen  atom  from  the  hydrogen  to  the  carbon  atom.     Thus  : — 

C,H,.0„  +  2(H,p)  =  2(C,H„0)  +  2(C03H,)  = 
2(C,H,0)  +  2C02+2H,0. 

Grape  Sugar.      Alcohol. 

In  that  just  mentioned,  the  fermentation  of  alcohol  into  acetic  acid 
by  the  bacillus  aceti,  the  essential  part  of  the  interchange  is  one  of 
oxidation.  The  decomposition  of  alloxan  into  urea,  oxalic  acid,  and 
carbonic  acid,  and  the  further  splitting  up  of  the  oxalic  acid  under  the 
influence  of  oxygen  into  carbonic  acid  and  water,  is  another  example 
of  the  same  : — 

co<nh:cS>^o  +  2H,o  +  o  =  co<nh..co.oh.^(.o^ 

AUoxau. 

This  variety  may  be  named,  therefore,  fermentatu>n  by  oxidation. 
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In  other  cases,  however,  the  access  of  oxygen  is  unnecessary  ;  it  is 
absolutely  hurtful.  The  essential  chemical  interchange  in  these  cases  is 
one  of  reduction.  As  an  example,  butyric  acid  fermentation  by  the 
bacillus  butyricus  (vibrion  butyric  of  Pasteur)  may  be  mentioned. 
This  organism  has  been  shown  to  have  the  power  of  transfomiing 
lactic  acid,  sugiir,  and  amylaceous  substances  such  as  celhilose  into 
butyric  acid.  The  fermentation  is  fulfilled  only  in  the  absence  of 
oxygen,  although  other  organisms  may  attain  the  same  end  in  its 
presence  {e,g.  Bacillus  violaceus  of  Mace).  The  interchange  in  this 
case  must  be  different  from  that  in  the  example  of  fermentation  by 
oxidation  just  given,  and  may  be  called  fennentatum  by  rrduction. 

In  yet  other  forms  of  fermentation  the  molecule  splits  into  twn 
equal  parts.  The  urea  molecule,  for  instance,  splits  into  two  mole- 
cules of  carbonate  of  ammonia  under  the  influence  of  the  micrococcus 
urece  or  some  other  living  ferment.  This  is  known  as  fenneutation  f>t/ 
deamtje  (Mac«'»). 

The  action  of  the  various  enzymes,  on  the  other  hand,  is  in  mofX 
cases  really  one  of  hydi-ation,  or  i-ather  of  hydrolysis,  as  shown  by  the 
following  examples : — 

Diastiitic  fermenUition  : — 

C«H^O«  +  3H,0  =  C,H„0,  +  3C.,H,,0., 

Starch.  Dextrine.        lK»xtr(»e. 

Fjumlsin  fermentation  : — 

C\,Hi,(),  ^  H.O  -  C,Hi,0,  +  C,H, .  OH  .  CH/)H. 

Salicin.  Dextrose.  S<iligrnin. 

Invert  fermentation  : — 

Cam*  sii^^ar.  (Ini|»e  sugar. 

TIm'  foll<i\viii;i  lialf-tahuliu  jjtuteiiieiit  of  the  various  fcnueutatioiih  which  «ni«erT.' 
u»  i.s  given  hy  MFa<lyeun  (No.  1«1,  18S9,  \k  494^ 

(A'  Fermentations  produced  by  microbes  and  analogous  to  the  action  of 
cnzynu.s  : 

(I")  Dinstatic  fcrnii'iitation,  «'.y.  bacilhiN  U('i<li  lactici. 

(2i  Invert  firnifntation.  '•.'/.  iK'nicilliuni  and  as|Hrgillu.H  ;  yeast  fuugi. 

(a)  Cillulosf  frrnit-ntation,  r.<j.  \\W\o  nigula.  It  is  probable  that  eelIulo»e  i* 
dijwolvcd  in  the  «ligestiv«'  tra«t  by  ferment  l)aeteria. 

(4)  "  IVi>tt»nising"  ffrnientation,  »'.;/.  the  bacteria  which  li<juefy  gelatine. 

(.')'  .Milk  f«nncntation  (cunlling  of  milk:,  r.ij.  bacillus  aciili  lactioi.  It  hiiiit-* 
tlic  milk  sugar  into  lactic  and  carlK>nic  acids,  and  the  acid  |troduce8  a  preciiiitation 
of  the  cast-in. 

(»;;•  Tica  fi'inn'ntation,  f.*/.  microcwcus  urea*.  The  urea  is  converted  into  car- 
l>onatc  of  ammonia. 

:  \\    Strictly  organic  fermentations. 

I.   AhithUif    fernu iiOttioii   of   sutfir  bj/  th'   yntut  jtnvji.       It    takes    place   ii*- 


i 
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glucoses  having  the  general  formula  CeH,<,Oe;  and  after  hydration  in  maltose 
C„HaOi,  +  H,0. 

To  understand  the  process  one  must  know  the  chemical  structure  of  the  carbo- 
hydrates. The  carbohydrates  contain  six  or  a  multiple  of  six  atoms  of  carbon,  and 
in  them  the  relationship  of  the  hydrogen  and  oxygen  is  the  same  as  in  water.  There 
ire  three  groups  : — 

1.  Glucose  group,  e.g.  dextrose  CjHioOg 

2.  Cane  sugar  grouj>,  eg.  maltose  CjaH^^On 

3.  Cellulose  group,  eg,  starch  (CfiHio03)u . 

A.11  these  are  fermentable,  but  only  the  first  group  can  be  converted  by  the  yeast 
fungi  into  alcohol.  The  last  two  groups  can  be  converted  by  other  ferments  into 
bodies  capable  of  undergoing  alcoholic  fermentation.     Thus  : — 

(1)  Starch  by  the  action  of  an  enzyme  can  be  converted  into  maltose — 

SCgH  iqOj  +  HoO  =  C12H22O11  -r  CgH  J0O5. 
Htarch.  Maltone. 

(2)  Maltose  by  the  action  of  an  enzyme  formed  by  the  tonila  is  changed  into  a 
glucose — 

C12H22O1,  +  H2O  =  C«HrA  +  CgHiA- 

Maltose.  Dextrose. 

(3)  The  torula  acting  on  the  dextrose  converts  it  into  aleohol  and  carbonic  acid — 

CeHrA= 2C.,HeO  +  2CO2. 

By-products  are  fonned  as  well  in  this  last  change,  namely,  glycerine,  succinic 
acid,  fusel  oil,  acetic  acid,  etc.,  so  that  this  last  change  is  not  so  simple  as  repre- 
sented by  the  formula.  When  the  alcohol  reaches  12  per  cent,  the  torula  is 
hindered  in  its  development,  when  it  reaches  14  i^r  cent  further  fermentation 
ceases.     The  by-pnxlucts  may  possibly  be  metabolic  products  of  other  microbes. 

II.  FcrmerUatu/n  by  Schizomyceie^  : — 

(a)  lactic  acid  fermentation  by,  e.g.^  Bac.  acid,  lactici.  Glucoses  are  converted 
into  lactic  acid,  and  carbonic  acid  is  given  off.  When  the  lactic  acid  reaches  0*8 
per  cent  and  is  not  neutralised  fermentation  stops.  It  is  probable  that  the  bacillus 
hydrates  the  sugar  in  the  milk,  u  c.  converts  it  into  a  glucose,  before  the  special 
fermentation  takes  place.     The  formula  usually  given  is — 

C«H,20e=2(C,H4  .  OH  .  COOH). 
Lacti«t  aciil. 

But  this  does  not  exjdain  the  formation  of  carbonic  acid.  Perhaps  it  is  due  to  the 
action  of  a  second  bacterium. 

It  should  be  mentioned  that  milk  which  has  been  boiled  turns  bitter,  that  which 
has  not  turns  sour.  Of  the  various  forms  of  organism  which  vegetate  in  milk  the 
most  active  at  a  low  temperature  is  the  bacillus  acidi  lactici.  It  imparts  sourness 
to  the  milk  by  forming  lactic  acid.  It  is  killed,  however,  by  boiling,  according  to 
le  Bary  (No.  589,  p.  33),  while  the  spores  of  the  bacillus  of  butyric  acid  fermenta- 
tion are  able  to  withstand  a  boiling  temperature.  They  retain  their  vitality  in  the 
boiled  milk,  and  occasion  the  bitter  taste  by  the  fermentation  they  excite. 

QS)  Butyric  acid  fermentation  by,  e.g.^  Bacillus  butyricus,  B.  amylobacter,  or 
Clostridium  butyricum,  by  which  starch,  cane  sugar,  and  dextrose  are  fermented, 
rhe  one  important  product  is  butyric  acid — CiHsOg ;  but  along  with  it  we  find  acetic 
icid,  alcohol,  carbonic  acid,  and  hydrogen.  The  bacillus  butyricus  produces  the 
change  anaerobically. 
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(7)  Mannite  fermentation  by,  e.g.,  micrococcus  ▼iscosus.  Thia  prodaces  viacocitr 
in  wine  by  acting  on  the  sugar,  and  forming  a  peculiar  gummy  body,  Tiscoae. 

Amongst  other  fermentations  may  be  mentioned  the  conversion  of  glycerine  iato 
alcohol,  and  of  fatty  acids  into  propionic  and  acetic  acids. 

Finally,  the  conversion  of  the  alcohol  in  fermented  liquors  into  acetic  acid  by 
the  bacillus  aceticus — 

CH3 .  CHaOH  .  +  Oj= CH, .  COOH  +  H2O. 

Acetic  acid. 

LUerature  on  Fennentatimu — Arthos  (Vital  and  Chemical  Fermentations) :  Compu 
rend.  Acad.  d.  so.,  cxv.  1892,  p.  839  ;  a/«>,  Arch,  de  physiol.  norm,  et  path.,  ir. 
1892,  p.  651.  Bourquelot :  Les  Fermentations,  a889.  Calmette  (FenuenU  of 
Starch) :  Ann.  de  Tlnst.  Pasteur,  vi.  1892,  p.  604.  Chanvean  (Ferments and  Vinis) : 
Rev.  scient,  iii.  1881,  p.  234.  Duclaiiz :  Ferments  ct  maladies,  1882 ;  aUo,  FennenU- 
tion  (Health  Exhibition  Handbook,  London,  1884).  Falk  (Ferments  in  Animal 
Organism):  Arch.  f.  jjath.  Anat,  Ixxxiv.  1881,  p.  119.  Fliigge  :  Fermente  und 
5Iikro]Mirasiten  (Eng.  Transl.  by  Cheyne),  1890  ;  a/w,  Femiente  u.  Mikro|iaruiteu, 
1883  ;  alsoy  Handbuch  d.  Hygiene,  Pt.  I.,  Femiente  u.  MikroparasiUrn.  1882. 
Franklimd  (Some  Fennentations  cxcitwl  by  S|)ecitio  Micro-oivanisms) :  Tr.  VII. 
Interna t  Cong.  Hyg.  and  Dcniog.,  1892,  ii.  p.  310.  Griitzner  (Unforme<l  Femientu 
in  Animal  Body)  :  Arch.  f.  d.  gos.  Physiol.,  xii.  1876,  p.  285.  Hersen  (the  Role  of 
Micro))e8  in  Fermentation) :  Com])t.  rend.  Soc.  de  biol.,  1889,  i.  p.  140.  HiMebnuidt 
(Action  of  Hydrolytic  Ferments):  Arch.  f.  path.  Anat,  cxxi.  1890,  p.  1  ;  aim 
(Hydrolytic  Ferments),  Arch.  f.  jiath.  Anat,  cxxxi.  1893,  p.  5.  Jacobson :  l>b. 
un|^efonnt4*  Femiente,  1891  ;  nlm  (Soluble  Femients),  Ztschr.  f.  phvsiol.  Chem.. 
XVI.  1891-92,  \\  340.  de  Jager  (Action  of  Unfomied  Ferments):  Arch.  f.  ittth. 
Anat.,  cxxi.  1890,  p.  182.  Kellner  (Invert  Fmiionts) :  Ztschr.  f.  ph>Tiiol.  Chem.. 
xiv.  1889-90,  p.  297.  Kirchncr(Identitv  of  Streptococcus  P.  and  S.  Ervsi{)elat<iMts: : 
Centralbl.  f  Isaktoriol.  u.  Parasitenkrank.,  xi.  1892,  p.  749.  Liebi^: :  Ueb.  iSahnuig. 
etc.,  1870.  Lister  (Ivictic):  Trans.  Path.  Soc.,  xxix.  1878;  Contribution  to  the 
ih'vm  Theory  of  Putrcfa<tion  and  other  Femientativo  Changes,  1875  :  (^rt.  Jouni. 
Mi(T.  S<\,  xiii.  1873,  p.  380  :  Ibul.^  xviii.  1878,  p.  177  ;  aim  (IjActic  Acid  Frrmrnta- 
tion),  Tnins.  Puth.  S(x".  Lond.,  xxix.  hH78,  p.  425.  NUgelit:  Theorie  der  CJahmng, 
1S79.  Pasteur:  Ktiide  sur  ]«•  vin.  ISOG;  Ktud«*  sur  la  bierr,  1^76;  uIm)  i  I^rti*  , 
Conipt.  rend.  Acad.  <I.  S*-.,  xlv.  lSr»7,  p.  913  ;  Stiulies  on  Femieutation.  r»»7y. 
Schiitzenbereer :  Die  (iahruiu^erscheinuug<>n.  I.s76.  Trouessart :  Mi<T«>lH^, 
FeriiirntH,  and  Moulds,  188«).  Tyndall  (F.  and  Diseaw)  :  Pop.  So.  Month.  N.  Y.. 
X.  1877,  p.  7x9.  Wassilieff :  Ztwhr.  f.  phvsiol.  (^hem.,  vi.  1882,  p.  112.  Wood: 
Lab.  Rop.  R.  Coll.  Physicians,  FMin.,  1890,  p.  253. 


CHAPTER   XCIV 
SYSTEMATIC  BACTERIOLOGY— (Conti7uied) 

Putrefaction. 

1119.  Definition. — By  putrefaction  is  meant  the  process  of  decom- 
position  to  which  organic  matter  is  s^ibject  after  death.  It  is  accompanied 
by  the  evolution  of  foul-smelling  gases,  and  consists  in  the  sum  of  the 
fermeiitatiiyns  excited  hy  certain  micro-organisms  upon  tissues  of  an  albuminous 
or  albuminoid  type. 

The  albumin  in  the  coiu-se  of  putrefaction  never  seems  to  be  de- 
composed directly  but  is  transformed  primarily  into  peptone.  By  the 
addition  of  pancreatic  ferment  putrefaction  is  hastened.  The  albumins 
are  most  readily  attacked,  but  gelatinous  and  gelatine-yielding  tissues — 
that  is  to  say,  albuminoids — are  also  disposed  to  it.  Like  all  fermenta- 
tions, putrefaction  takes  place  only  in  presence  of  water.  The  reason 
of  this  is  that  it  is  largely  a  process  of  hydration.  Hence,  if  the  tissue 
is  dried,  it  can  be  kept  free  from  putrefaction  for  an  unlimited  time. 

It  is  in  many  respects  a  salutary  phenomenon,  consisting  as  it  does 
in  the  reduction  of  compound  products  to  those  which  are  simpler, 
so  rendering  them  capable  of  being  assimilated  by  plants.  It  is  even 
said  that  the  organisms  of  putrefaction  subserve  a  useful  purpose  in 
the  animal  economy  by  hydrating  the  food  elements  in  the  alimentary 
canal.  All  the  products  of  digestion  can  be  evolved  by  them  outside 
the  body,  and  certain  physiologists  have  gone  so  far  as  to  say  that  they, 
and  not  the  natural  secretions  of  the  digestive  glands,  are  the  essential 
elements  of  digestion.  Under  no  circumstances  of  health,  however,  do 
these  organisms  seem  to  exist  in  the  blood  or  internal  tissues. 

The  Org^anisms. — It  used  to  be  said  that  there  was  one  organism 
of  putrefaction,  namely,  bacterium  termo.  It  is  now  conceded, 
practically  on  all  hands,  that  this  is  not  a  pure  form,  that  the  small 
cylindrical  body  so  designated  is  nothing  more  than  a  stage  in  the  life 
history  of  several  different  organisms.  The  truth  seems  to  be  that 
there  are  many  organisms  which  have  the  property  of  inducing  putre- 
faction. 
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Rosenbach  (No.  648),  for  instance,  isolated  three,  to  which  he  give 
the  generic  name  Bacillus  saprogenes,  distinguishing  them  as  1,  2,  and 
3  re8j)ectively.  All  of  them  have  the  property  of  calling  forth  putre- 
faction. 

Hauser  (No.  649)  finds,  on  sowing  some  of  the  liquid  derived  from 
putrefying  subsUmces  on  the  surface  of  gelatine  plates,  that  many 
different  colonies  develop  upon  it.  Most  of  these  fail  to  liquefy  the 
gelatine,  but  there  is  one  met  with  in  great  constancy  which  does  m, 
and  which  he  reganls  as  among  the  most  im{)ortant  causes  of  putre- 
faction. He  gives  it  the  name  Proteus,  from  the  many  forms  it 
assumes.  Thus,  beginning  as  a  coccus -like  structure,  it  may  pass 
successively  through  the  stages  of  a  short  rod,  a  long  rod,  a  thread, 
a  vibrio,  a  spirillum,  and  a  spirochseta.  The  multiJForraity  of  the 
organism  is  dependent  apparently  upon,  and  is  regidated  by,  the 
nature  of  the  Imsis  on  which  it  is  growing,  so  that,  for  instance,  when 
grown  on  an  acid  Imsis,  only  cocci  and  short  rods  are  forthcoming. 
He  distinguishes  three  species,  P.  vulgaris,  P.  mirabilis,  and  P.  zenkeri. 
They  l)elong  to  the  class  of  facultative  anaerol)es.  Proteus  vulgaris 
and  minibilis  arc  amongst  the  chief  promoters  of  putrefaction. 

They  can  be  sulxlivided  into  those  which  are  aerobic  and  those 
which  are  amaerobic.  The  tientftea  grow  luxuriantly  at  first  all  through, 
let  UH  say,  an  infusion  of  muscle,  but  as  the  oxygen  becomes  exhausted 
they  jKiss  to  the  siu*face,  where  they  localise  themselves  often  in  the 
form  of  a  film.  The  (uuierol^n  can  now  fiourish  in  the  deep  parts  of  the 
liquid  un()j)iK)sed  and  protected  by  the  film  of  aerolnjs  on  the  surface. 

The  elements  of  the  medium  can  l)e  entirely  oxidised  by  the 
aerobes,  and  converted  into  ino<lorous  substances  such  as  carl>onic  acid 
and  water. 

Those  acted  on  by  the  anaerobes  are  naturally  less  completely 
oxicliscil  and  are  much  more  complex.  Hriefiy  sunimansed  they  are 
as  follows  : — 

(1)  Hydration  protlucts  :  Leucin,  peptone,  amido- valerianic  aci<l 
ty rosin,  j;lycocol. 

(2)  N'olalile  prcnlucts  :  Ammonia,  volatile  fatty  acids,  and  reduction 
gases  such  as  hydrogen,  sulphuretted  hydrogt*n,  and  marsh  gas. 

(3)  Characteristic  putrefactive  products  :  Skatol,  indol,  and  phenol. 

(4)  Iliisic  con)]M)ini(ls  or  ptomaines. 

Uy(lro«^on  is  lilierated  and  combines  with  sulphur  in  its  na^*ent 
condition,  or  with  phosj>horus,  to  form  re8|)ectively  sulphuretted  or 
phosj)hurette(l  hydrogen.  These  add  to  and  confer  a  si>ecial  character 
U{H)n  the  (mIoiu'. 

The  fact  of  the  presence  of  j>henol,  indol,  skatol,  etc.,  led  to  the 
suggestion  (N<*ncki)  that  these  pnKlucts  put  a  stop  to  the  further  de 
velopnieiit  of  the  microlies  of  putrefaction.  So  compjinitively  small  a 
perci'htage  as  OO")  of  skatol  or  O'l  of  indol  is  sufficient  to  arrest  their 
(ievelo|»nient,  but  in  putrefactive  li<|uids  they  are  in  smaller  pro}K>rtion 
than  this.      As  demonstnited  by  Riiunann,  phenol  is  a  very  constant 


CHAP,  xciv  PUTREFACTION  986 

product  of  putrefaction  and  its  presence  in  the  intestine  has  been 
proved  by  Brieger.  The  amount  increases  in  septicaemia  and  in 
peritonitis. 

Literature  on  Putrefaction  and  Disease. — Bordas  :  Etude  sur  la  putrefaction,  1892. 
Brieg^er  (Relationship  of  Putrefaction  to  Disease):  Ztschr.  f.  klin.  Med.,  iii.  1881, 
p.  465.  Eber  (Chemical  Proi>erty  of  Putrefaction) :  Arch.  f.  wissensch.  u.  prakt. 
Thierh.,  xvii.  1891,  p.  222.  Hiller  :  Die  Lehere  v.  d.  Fiiulniss,  1879.  Hueppe 
(Relation  of  Putrefaction  to  Infectious  Diseases) :  Berl.  klin.  Wochnschr.,  xxiv. 
1887,  p.  721.  Lister:  A  Contribution  to  the  Germ  Theory  of  Putrefaction,  1875 
(Repr.  from  Tr.  Roy.  Soc.  Edinb.,  xxvii.).  M.  Duncan  (Saj)rteraia)  :  Lancet,  1880, 
ii.  p.  684.  Sanderson:  Suppl.  Loc.  Gov.  Board  Reports,  1883,  p.  101.  Tyndall : 
Essays  on  the  Floating  Matter  in  the  Air  in  relation  to  Putrefaction  and  Lifection, 
1881.  Winog:radsky  (Organisms  of  Xitrification) :  Ann.  de  I'lnst.  Pasteur,  iv.  1890, 
p.  213.  Zahn  (Putrefactive  Germs  in  Blood)  :  Arch.  f.  path.  Anat.,  cxxxv.  1884, 
p.  401. 

The  Chemical  Products  of  Bacterial  Growth. 

1120.  Among  the  many  products  of  the  metabolism  effected  by 
micro-organisms  there  are  certain  which  act  as  violent  poisons,  others 
which  are  harmless.  An  accumte  classification,  from  a  chemical  point 
of  view,  as  yet  is  impossible,  but  three  distinct  classes  have  up  till  the 
present  time  been  recognised,  namely,  (1)  the  bacterial  alkaloids  or 
ptomaines,  (2)  the  enzymes  or  ferments,  and  (3)  the  albumoses. 
They  are  sometimes  developed  singly,  at  other  times  in  combination. 
Anthrax  elaborat<3s  both  a  ptomaine  and  an  albumose.  The  ptomaine, 
according  to  Martin  (No.  6,  1892,  i.  p.  641),  induces  fever,  the  alkaloid 
coma. 

IVie  alkaloids  are  a  common  source  of  danger,  from  their  developing 
in  animal  articles  of  diet  such  as  fish,  sausages,  ham,  etc.,  as  a  result  of 
putrefaction..  It  is  probable  that  the  active  poisons  of  typhoid,  of 
Asiatic  cholera,  and  of  many  other  diseases,  are  of  this  nature. 

The  lUburnoses  seem  to  be  alike  in  composition  with  those  developed 
in  peptic  digestion.  They  are  a  common  cause,  apparently,  of  the 
phenomena  of  various  diseases  such  as  diphtheria,  anthrax,  etc.  The 
snake-poison  is  of  this  nature. 

The  cnzt^mes  oj'  ferments  are  secreted  by  a  large  number.  They  are 
not  poisonous  in  themselves,  but  by  acting  upon  proteids  convert  these 
into  albumoses  which  are  highly  poisonous. 

The  history  of  the  subject  of  bacterial  poisons  really  begins  (1856)  with  the  pub- 
lication of  Panuin's  paper  on  the  poison  of  putrid  flesh  (No.  631).  He  came  to  the 
conclusion  that  the  putrid  poison  from  the  flesh  of  the  dog  is  not  volatile,  that  it  is 
not  destroyed  by  boiling,  that  it  is  soluble  in  water  but  not  in  alcohol.  Further, 
that  the  albumiu-Iike  substances  present  in  the  liquids  from  such  putrid  flesh  are  not 
in  themselves  poisonous,  but  that  the  poisonous  proi>erties  depend  on  a  substance 
mixed  with  them.  He  found  the  intensity  of  this  poison  to  be  very  great,  compar- 
able in  this  respect  to  snake-poison,  curare,  and  certain  vegetable  alkaloids. 

When  injected  in  sufficient  quantity  into  the  jugular  vein  it  induced  violent 
cramps  and  involuntary  evacuation  of  the  bowels  and  bladder.  The  respirations 
were  laboured  and  there  was  pallor,  sometimes  cyanosis,  and  depressed  pulse.     The 
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pupils  Avere  dilated  ami  tlit;  €y«bflllii  projected.  The  carcAsea  of  auimaU  experimented 
ujioti  putrefied  rapidly. 

In  additioij  to  tliis  putrid  {wisoii,  Paiium  was  able  to  9(*pamte  a  stilxitaDee  hMfing 
a  narcotic  Bttioii,  TliL'*  he  was  enabled  to  do  nn  account  of  its  solubilitj  in  alcohol 
Wlieu  thf  dried  residue,  dissolved  in  water,  was  iujectefl  into  the  jugular  vein  of  a 
dog  the  animal  fell  into  a  deep  sleep,  from  which  it  awoke  in  about  twenty-four  honiB 
apparently  uninjureil. 

Since  then  onr  knowledge  of  thia  subject  hm  greatly  adrinced,  chiefly  through 
the  labours  of  Berj^iioAim  aud  8ehmiinleberg»  Gautier,  Neocki,  Rdeger,  Seluii,  Richard- 
son,  Martin,  Hunter,  and  others.  But  although  the  information  obtained  of  Ut* 
years  is  a  great  advance  upon  that  of  bygone  times,  yet  it  mu.«it  be  coiifeaied  that  W9 
have  still  much  to  Icani. 


L   The  MkrcM  Afkaiovfs  or  Ffomatn^s. 

112L  The  term  Ptoiiianie  (Trrt^pi,  a  cadaver)  was  applied  by 
Selmi  to  certain  chemical  cdpi pounds  having  basic  properties,  and 
generated  l>y  the  aetiim  uf  bacteria  tni  dead  proteid  matter.  Like 
inor-ipiruc  arid  vi^^^ctidde  bases,  they  coinbiue  with  aciib  t^  form  salt*. 
They  are  sometimes  ki>owii  as  PuhYfafUte  JfbthifJs  from  the  fact  tlmt. 
in  their  chemical  constitntioti,  they  resemble  onlinary  alkah^idB  derived 
from  the  vegetable  kingdom.  They  are  built  upon  the  amino  type,  and 
are  to  In^  re|^arded  as  ammonia  substitution  compounds.  They  arc 
developed  not  only  during  putrefaction,  but  also  dunng  the  other 
decomjxjaitions  followiTtg  upon  the  action  of  bacteria.  In  seeking  for 
an  explanation  of  their  genevsis^  the  one  which  seems  most  feasible  is 
thafc  they  are  among  the  transition  priMJucts  which  complex  organic 
substances  pass  through  in  being  broken  up  into  those  which  arr^  less 
complex,  the  hnal  jirrKlucts  being  carbonic  acid»  ammonia,  and  water. 
The  variety  ni  combinations  the  carbon  atf>m  may  take  j*art  in  during 
h^  hmg  progress  towards  this  ernl  is  truly  marvellou.s.  At  one  time 
it  enters  into  the  con.stitutiori  of  a  \iolerit  poison,  at  another  the 
substance  of  which  it  forms  part  is  qiiite  inert. 

Brieger  (Xo,  632)  found  that  it  is  only  in  the  early  stage«  of  putre- 
faction that  these  ptomanies  prevail.  They  appear  about  the  sovenlh 
flay  of  putrefaction-  After  eight  or  ten  days  the  oidy  remaining  pro- 
iluct  which  might  lie  called  ttixic  is  amiuonia. 

Ncncki  (No.  357)  appears  to  have  lM?en  the  first  to  isolate  a  member 
of  the  gt'oup  in  a  ptire  contlition,  ami  tn  detenninc  the  first  formtiU. 
It  was  obtained  from  decomposing  gelatine,  and  had  the  composition 

CgHj^N  prolmbly  built  up  as  C^H^<V.u^  _  \H 

It  is  isomeric  with  collidin,  but  differs  from  it  iji  other  qmditics. 

It  is   Brieger,  however  (N«k  358),  to  whom  the  credit  is  <iue  ol 
having  obtained  most  of  them  in  a  pure  state.     He  derived  them 
putrefyitig  Hbrin,  metit,  cheese,  gelatine,  ye^ist,  etc. 

Classification. — Some  of  them  are  violent  poisons,   others 
tjuite  liarmb*ss,  and  a  system   of   classification    has  been    founded  in 
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accordance  with  this.  Brieger  restricts  the  term  Ptomaine  to  those 
which  are  non-poisonous,  and  employs  that  of  Toxine  to  those  which 
are  poisonous. 

The  more  oxygen  supplied,  the  less  poisonous  they  appear  to  be. 
Pasteur  asserts  that  those  which  are  developed  with  complete  exclusion 
of  oxygen  are  the  most  toxic  of  all.  Wood  made  out  that  the  quantity 
of  toxine  derived  from  Asiatic  cholera  spirillum  is  much  greater  when 
the  supply  of  oxygen  to  the  organism  has  been  meagre  than  when  it 
has  been  free. 

Another  system  of  classification  is  founded  upon  their  chemical 
composition.  They  all  contain  C,  H,  and  N,  and  some  of  them  are 
composed  exclusively  of  these  elements.  These  have  accordingly  been 
included  in  one  group.  Another  set,  however,  contains  0  in  addition, 
and  they  have  been  collected  in  another  group. 

(A)  Of  the  non-poisonous,  Brieger  (No.  632)  distinguished — 

1.  Neuridin,  CsHi^Na — very  common,  obtainable  from  putrefactive  meat,  cheese, 
and  gelatine.  In  specially  large  quantities  from  decomposing  human  organs  after 
three  days.  It  is  a  diamin  which  splits  into  dimethylamin  and  trimethylamin. 
Distinguished  by  forming  a  double  salt  with  picric  acid  difficult  to  dissolve. 

2.  Gadinin,  CrHirNOa  —  obtained  from  decomposed  fish.  Constitution  still 
unknown. 

3.  Cadaverin,  C5H14N2 — from  decomposed  cadaver.  Traces  found  from  fourth 
day  onwards,  becoming  more  abundant  at  tenth  to  twelfth  day.  Has  a  disagreeable 
odour  like  coniin. 

4.  Putrescin,  C4H12N2 — resembles  the  foregoing. 

5.  Saprin,  with  same  composition  as  cadaverin,  but  distinguished  from  it 
by  the  properties  of  its  HCl  compound  and  those  of  its  gold  salt 

6.  Cholin,  C8H15NO2 — found  in  first  days  of  decomposition  of  cadavera.  Is  to 
be  reckoned  as  Trimethyloxiithylammoniumoxydhydrate  (CH3)3.  N .  OH .  C2H4.  OH. 
Apparently  a  product  of  disintegration  of  lecithin. 

The  majorit}'  of  these  cadaveric  ptomaines  are  diamines  and  are  of  simple  com- 
position. They  differ  in  these  respects  from  the  vegetable  alkaloids.  Most  of  them 
are  free  from  poisonous  properties.     One,  mydalein,  however,  is  toxic. 

(B)  Of  the  poisonous  he  distinguished  the  following  : — 

1.  Peptotozin,  the  poisonous  principle  of  many  peptones.  It  is  a  product,  for 
instance,  of  the  artificial  digestion  of  fibrin  by  gastric  juice.  Comjiosition  unknown. 
Frogs  and  rabbits  die  under  its  influence  with  paralysis  and  insensibility.  Can  also 
be  produced  by  the  peptonising  action  of  bacteria  upon  albumin,  although  this  is 
not  definitely  proven. 

2.  Neurin,  CaHjaNO— obtained  from  putrefying  meat  after  five  to  six  days. 
Formerly  often  mistaken  for  cholin,  but  is  distinguished  from  it  by  possessing  one 
molecule  less  water.     Is  to  be  regarded  as  Triniethylvinvlammoniumoxydhydrate 

CHo 
(CH3)3 .  C2H3 .  N .  OH  (Vinyl  group  =   II       ).     Neurin  is  poisonous  for  frogs  and 

CH- 
roammals  in  small  doses.     For  1  kilo  cat  the  fatal  <lose  is  5  milligr.     The  symptoms 
are  salivation,  dyspnoea,  acceleration  followed  by  sinking  of  heart's  action,  marked 
intestinal  peristalsis  with  diarrhoea,  and  lastly,    convulsions   and   collapse.     The 
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features  of  the  jioiHonous  symptoms  approach  nearest  to  thase  of  moscarin.     Atropin 
is  tlie  l)est  antidote. 

It  is  probably  derived  from  the  cholin  of  lecitliin  by  sejiaration  of  water,  and 
this  separation  seems  to  pr<»cced  under  tlie  influence  of  several  bacteria  of  putre- 
faction. 

3.  A  Hul)stance  similar  and  isomeric  witli  aethylendiamin  with  the  formula 
C3H4(XH2)2.     Derived  from  the  putrefaction  offish. 

4.  Muscarin,  CsHibXOj — long  known  as  a  proiluct  of  poisonous  moshrooma.  An 
oxidation  derivative  of  cholin.  Found  by  Brie^^er  also  as  a  product  of  fiah  putre- 
faction. 

5.  After  a  lajwie  of  seven  days,  better  after  two  to  three  weeks*  continuance  of 
)>utrefaction,  Brieger  found  toxic  bases  in  cadavera.  Two  ])tomaine8  are  recog- 
nisable whoso  analysis  has  as  yet  not  l)een  completed.  The  one  inducea  copiou» 
diarrhoea  in  i-abbits  ;  the  other,  nametl  mydalein,  induces  dilatation  of  tlie  pu|nl, 
injection  of  v<>ssels  of  the  ear,  elevation  of  tem|>erature,  copious  salivation  and 
diarrhrua,  lastly,  ) Minting  respiration,  lowering  of  temperature,  and  death. 

After  fourteen  days'  decom)>OMitiou  he  found  the  sul>stance  Mydalein,  a  aubatauce 
which  differs  from  the  foregoing  in  having  a  specific  toxic  action.  From  a  cadaver 
kept  at  u  tenqteruture  of-  9**  to +  5''  for  four  months,  he  isolated  the  substance  If  J- 
dine  (Cf,H|)N()),  the  toxic  substance  Mydatozine  (C^HdNO^),  also  the  iM»iion 
Methyl-guanidin. 

The  ]>oisonouH  princii»le  contained  in  mussels  is  Mytilotozin  {CgHi^NOg'. 

Sepsin  was  Me|»arated  originally  from  ])utrid  yeast  by  Ikrgmann  and  Schroie«le- 
berg  (No.  50,  vi.  1868,  p.*  497),  afterwards  from  putrefying  bloo<l  as  a  aulpbate. 
I)issolve<l  in  water  and  injected  into  the  jugular  vein  of  a  dog,  it  induced  romiting 
and  diarrh<ea  with  evacuation  of  blood.  It  is  not  found  in  pus.  Ita  com|KMition 
remains  unknown,  sis  it  has  never  Wen  obtained  in  sufficient  quantity.  It  must  not 
Ik.'  c<uifound«Ml  with  Panuni's  putrid  •jm.^m,  which  proliably  was  an  impure  sub- 
stance. 

(C)   Fnnn  /nur  n(Jfiin',<  of  sfHrifir  hictenn  Brie^or  M-as  able  to  isolate 
the  following  Ikiscs  : — 

1.  The  bacilli  of  typhoid,  cultivate«l  on  lieef-tea,  do  not  rail  forth  any  indit-a- 
tions  of  putrrfjK'tion  ;  there  is  an  absence  of  tb-vdopm^'nt  of  H^S,  imlol,  and 
phenol.  A  new  ptoinuine,  however,  can  W  obtained  from  the  culture  whoKe  gohi 
double  vilt  was  ea>ily  isolated,  but  whose  further  analysis  is  as  yet  unknown.  It 
eaused  Milivatiou  in  guinea-pigs,  rapid  breathing,  dilatation  of  the  pupil  and 
iliarrlnea.  The  jKist-inortem  examination  sliowt-d  the  heart  to  Ih«  in  a  state  of  systolic 
eontraetion. 

li.  Staphylococcus  pyogenes  aureus,  <-ultivati'd  on  beef-tea  retaine<l  at  a  t<*m- 
jMTatureof  :ju  -:i.'»  ('.  for  something  like  four  wreks,  furnished  a  liase  which  was  harm- 
less, \vlii<h  did  not  unite  with  gold  <>hlorid«',  but  whieh  formed  a  crystalline  com|Niund 
with  jilatinuiii  rlilori«le  capable  of  Iwing  analysed.      Nothing  further  known. 

;{.  Tetanus.  r»y  mixing  the  hasheil-u]>  flesh  and  pus  fmm  a  tetanic  animal  he 
was  .ible  to  JM.late  '/  a  basr  having  the  formula  C'la*'***^'-.'' V  ^^  which  he  gave  the 
name  Tetanine.  If  a  sntfieient  quantity  of  this  is  introduced  into  the  system  of 
animals  tliey  di«-  soon.  /»  Another  toxitie,  whieh  he  nameil  Tetanotozine,  having 
tin-  fiuiiiula  ( -MiiA/.  Itn  physiolrigical  efl'e<ts  arc  the  same  as  the  foregoing. 
Kiually.  four  other  substanos,  namely,  Cadaverine,  Putrescine,  Spasmotojdne, 
and  a  fouith  having  the  pnqMMty  of  determining  abundant  salivary  and  lacnrmal 
>e.  ret  ion. 
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5.  Cholera. — Brieger  found  cadaverin  in  cultures  of  the  comma  bacillus.  In 
older  cultures  he  also  found  putrescine.  These,  however,  are  not  poisonous  ;  they  are 
common  products  of  jnitrefaction.  Besides  these  he  believed  that  the  cultures  con- 
tained two  iwisonous  substances,  one  of  them  being  a  diamin. 

Nicati  and  Kictsch  (No.  40,  xcix.  1884,  p.  928  ;  also,  No.  633)  drew  attention 
to  the  effects  produced  on  animals  by  the  products  resulting  from  the  growth  of  the 
comma  bacillus.  They  believed  that  the  cultures  contained  a  poisonous  substance. 
This  when  injected  into  the  circulation  of  dogs  gave  rise  to  effects  which  chiefly 
influenced  motion.  The  animal  was  unable  to  stand  or  walk,  apparently  from 
motor  paralysis.  Petri's  researclies  tend  to  show  that  among  other  products  of  the 
action  of  the  spirillum  of  Asiatic  cholera  there  are  poisonous  bases  and  a  proteid. 
The  latter  induces  rapidly  fatal  symptoms  in  guinea-pigs,  chiefly  muscular  tremors 
and  paralysis.  He  attributes  the  symptoms  of  cholera  to  this  rather  than  to  the 
bases. 

f).  Tubercle. — The  glycerine  extract,  or  Tuberculin,  of  a  culture  of  tubercle 
bacillus  contains  substances  having  a  highly  important  physiological  action.  The 
same  substance  or  substances  can  be  extracted  from  tubercular  tissues  (Crookshank, 
No.  192,  xlii.  1891,  p.  337). 

Crookshank  and  Herroun  (No.  6,  1891,  i.  p.  401)  have  separated  a  ptomaine  and 
an  albumose  from  the  crude  glycerine  extract  of  cultures.  When  the  ptomaine  is 
injected  hyjKKlermically  into  tubercular  guinea-pigs  it  induces  a  rise  of  temperature  ; 
in  healthy  animals  slight  indication  of  depression  of  temperature.  The  albumose 
excites  a  marked  rise  of  temperature  in  tuberculous  guinea-pigs.  In  one  instance, 
in  a  healthy  animal,  it  also  brought  about  a  full  in  the  temiKrraturc.  The  effect  on 
the  tuberculous  glands  in  the  cases  a.ssociated  with  rise  in  temperature  was  to  render 
them  well  defined,  indurated,  and  painful. 

6.  Glanders. — Kalning  of  Dor^mt  has  prepared  a  similar  extract  from  cultures 
of  bacillus  mallei.  It  goes  by  the  name  of  Mallein.  It  is  sent  out  from  the  Pasteur 
Institute  in  two  forms.  In  the  first  the  mallein  is  dilute,  and  has  the  apjK*arance 
of  a  pale  transparent  straw-coloured  liquid.  This  retains  its  activity  for  about  a 
fortnight  if  the  tubes  in  which  it  is  contained  are  kept  in  the  dark  and  unopened. 
The  second  is  concentrated  mallein,  a  thicker  deeper- coloured  liquid.  Before  use  it 
must  be  diluted  by  adding  nine  times  its  volume  of  a  ^  per  cent  solution  of  carbolic 
acid  in  water.  The  prescribed  <lose  (Hunting  and  M'Fadyean,  No.  445,  v.  1892,  p. 
316)  for  a  horse  is  2^  c.c,  and  the  best  seat  for  injection  the  middle  of  the  side  of 
the  neck. 

When  injected  into  a  glandered  horse  it  causes  a  marketl  nse  of  temi»erature. 
In  an  animal  with  an  initial  temperature,  for  instance  of  lOr  F.,  it  rose  to  105"  F. 
In  a  healthy  animal  the  rise  in  temi>erature,  if  any,  is  almost  imperceptible.  Hence 
it  has  been  considerably  employed  in  the  diagnosis  of  obscure  and  sus]»ccted 
gland ei-s  disease. 

As  in  the  case  of  tuberculin,  it  causes  considerable  local  reaction.  The 
glanders  swellings  sometimes  become  still  more  swollen,  and  in  nearly  all  instances 
l>ainfu1.     When  pure,  it  never  confei-s  the  disease  itself. 

Finger  asserted  (No.  492,  vi.  1889,  y.  375)  that  he  had  rendered  the  cat  and 
dog  immune  to  glanders  by  repeated  subcutaneous  injection  of  sterilised  glanders 
cultures. 

7.  Anthrax. — Hoffa  (No.  634)  obtained  small  quantities  of  a  ptomaine  which 
prove<l  toxic  to  frogs,  rabbits,  and  guinea-j»igs,  from  j>ure  cultures  of  anthrax  in 
meat  broth.  A  proteid,  an  albumose,  was  i.solate<l  by  Hankin  (No.  6,  1889,  ii.  p. 
810;  Ihid.,  1890,  ii.  p.  65  ;  No.  59,  1891,  ii.  p.  339^  and  Martin  (No.  161,  1889-90, 
p.  235  ;  also  /6///.,  1890-91,  p.  255j  found  two  such  bo<lie.s  which  he  says  resemble 
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the  proto-  aud  the  deutero-albumose  of  peptic  digestion.  Martin  asserts  that  the 
chemical  products  formed  by  the  bacillus  inside  the  body  of  an  animal  made  the 
subject  of  anthrax  are  the  same  as  those  produced  by  the  bacillus  outside  the  animal 
body,  namely,  anthrax  proto-  and  deutero-albumose  and  a  specific  base  provisional^ 
called  an  alkaloid.  It  is  the  alkaloid  which  causes  death.  The  large  amount  of  it 
found  in  the  tissues  of  the  sheep  compared  iisith  the  amount  of  albumoses  demon- 
strates this. 

In  a  later  communication  (No.  6,  1892,  i.  p.  641)  he  says  the  anthrax  alkaloid  is 
an  amorphous  yellow  body,  with  alkaline  reaction,  soluble  in  alcohol  and  precipitated 
by  many  reagents  which  throw  down  alkaloids,  but  not  by  Mayer's  solution. 

The  following  table  drawn  up  by  Vaughan  and  Xovy  (No.  630,  p.  278)  gives  a 
synopsis  of  the  bodies  of  the  basic  class  which  as  yet  have  been  isolated  or  which  are 
))rcsumed  to  exist  in  bacterial  poisonous  secretions  : — 

TABLE  OF  PTOMAINES. 


Formula. 

Name. 

1 

1 
Methylamine 

Discoverer. 

'  Phy!iiok)gicAUeti(m.i 

CH5N 

Bocklisch 

,  Non -poisonous 

CjHrN 

Dimethylamine 

Brieger 

1           * 
** 

CsH^N 

Trimethylamine 

Dessttigncs 

)) 

QiH^N 

Spermine  (?) 

Kunz 

*> 

QjHrN 

Ethylamine 

Hesse 

), 

C4HUN 

Diethylamiue 

Bocklisch 

CeHjsN 

Ti-iethylamine 

Brieger 

11 

C:,Hj.X 

Propylamine 
1  Butylamine 

,, 

G^HnN 

Gantier  and  Mourgues 

Poisonous  (?) 

C5HUN  (?) 

Ti'Uuiotoxine 

Brieger 

)} 

C5H13N 

Amylainiue 

Hesse 

• ) 

CgHi^N 

Hexylamiiie 

,, 

C7H11N 

Dihydrolutidine 

Oautier  and  Mourgues 

) ) 

WIiiN 

;  Collidine  (?) 

Xencki 

CgllnX 

Pyridine  base  ( ?) 

0.  de  Coninek 

ChIIwX 

Hydrocollidine  (?) 

Gautier  and  Etanl 

Poisonous 

Q>H,3N 

,  Parvoline  ( '.) 

>»               M            y* 

CioHwN 

1  Unname<l 

(luaresehi  aixl  Mosso 

Poisonous 

CjoHisX 

'  Pyridine  base  (?) 

0.  de  Coninek 

CioH,7X 

Hydrocoridine(?) 

Grimths 

C3.,H3lX 

Unnamed 

Delezinier 

(:,H,x, 

Kthylidenediamine  (?) 

Brieg(4- 

Poisonous 

C:jHhX'j 

Trimethylenediamine  (?) 

1 ) 

jj 

C4H10X, 

Putresfine 

Xot  very  poisonous 

(';jH,4X, 

Cadaverine 

>»                                             M 

C.,HuX. 

Xeuridine 

^, 

Xon-i»oisonoiis 

CsHuX,. 

,  Saprine 

J, 

^, 

(-VHioXa 

Unnamed 

Morin 

>> 

C,oH,.;X,(0 

Susotoxine 

Xovy 

Poisonous 

(^.H:X, 

Methylpianidine 

Brieger 

,j 

(;.»H,^X3 

,  Morrhnine 

(iautier  and  Mourgues 

Diuretic,  etc. 

GijH'j«iX4 

Unnamed 

Oser 

C,7H..«,X4 

!        ,.                           1 

Gautier  aiKl  Etard 

C-jjHsaN  4 

Aselline 

Gautier  and  Mourgues 

Poisonous 

C^HinXO 

■  Xenrine 

Brieger 

t  J 

ChH„XO 

Mydine 

" 

Xon- poisonous 

Only  tliose  ba^it-s  are  here  denoted  jis  poisonous  wliieh  iK>sses.s  a  deci«le<I  toxieity. 
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Formula. 

CHuNOj 

Name. 

Discoverer. 

Physiological  action. 
Non -poisonous 

S-amidovalerianic  acid 

£.  and  H.  Salkowski 

CHi^Oi 

Choline 

Brieger 

Poisonous 

CtHuNOj 

Mydatoxine 

>» 

>} 

C,H„NO, 

Unnamed 

,,       1888  (tetanus 
cult) 

Non-poisonous 

CtHisNOj 

Mytilotoxine 

^ 

Poisonous 

CrHirNO, 

Gadiniue 

)} 

)) 

CrH,7NOs 

Typhotoxine 
Unnamed 

>> 

M 

CjHijNO, 

n 

M 

C,4H,4NO, 

l^yocyanine 

Ledderhose 

Non-poisonous 

C,H,jNO, 

Betaine 

Brieger 

»> 

C,H„NOs 

Muscarine 

J, 

Poisonous 

CH„N03 

Morrhuic  acid 

Gautier  and  Mourgues 

C.H,jN,04 

Unnamed 

Pouchet 

Poisonous 

CuHaoNaO^ 

Tetanine 

Brieger 

t) 

CuH«,No04 

Unnamed 

Guareschi 

CtHbNjO, 

>> 

Pouchet 

Poisonous 

Tryotoxicon 

Vaughan 

>» 

Mydaleine 

Brieger 

»» 

Si>asmotoxine 

It 

>> 

A  diamine  (?) 

,,      (tetanus  cult) 

II 

Peptotoxine 
Phlogosine 

Leber 

Inflammatory 

Leucamaines  (Acvx^fto,  white  of  egg). 

1122.  The  term  was  applied  by  Gautier  (No.  628)  to  all  those 
organic  bases  formed  in  the  body  during  life  and  in  the  course  of  natural 
metabolism.  They  are  closely  allied  to  the  ptomaines.  Many  of  them 
have  been  known  as  abstract  excrementitious  substances.  Our  know- 
ledge of  their  relationship  to  the  bacterial  alkaloidal  bases  is  a  matter 
of  later  development 

They  are  divided  into  (1)  the  Uric  acid  group,  and  (2)  the  Creatinine 
group.  According  to  Vaughan  and  Novy  (No.  630,  p.  282),  the 
members  of  the  first  group  are  the  following : — 


Adenine 

Hypoxanthine 

Guanine 

C,H,N,0 
C,HsN,0 

Xanthine 
(Uric  acid 
He  teroxan  thine 
Paraxanthine 

aH,N,o, 

Carnine 

C.H^N.O, 

Pseudoxanthine 

C,H,N,0 

Gerontine 

<-^.H,,N% 

Spermine 

C,H,N(!) 

992  SYSTEMATIC  BACTERIOLOGY  PAWr  it 

Those  of  the  second  group  have  all  been  discovered  by  Crmutier 
(No.  635),  and  are  regarded  by  him  as  allied  to  creatine  and  creatinine. 

(Creatinine     ....  C^H.NjO) 

(Creatine        ....  C^HJ,Nj,Oj) 

Cruso-creatinine  CijHj^X^O" 

Xantho-creatinine  .  C^Hj^N/) 

Aniphi-creatine  .  C\,HjgN-0^ 

Base  ....  (\,H,,X,,0, 

Base  ....  Cj2H.,N„0s 


II.   The  Barteiial  Enzymes  or  Ferments, 

1123.  Besides  the  gastric  and  ]);increatic  ferments  of  aniniaU 
which  transform  proteids  into  comiwunds  which  are  soluble  and 
diffusible,  there  are  certain  Ixxlies  develoi)ed  by  plant  life  possessed  oi 
the  same  properties.  Thus  from  Cariai  ]>a]xiya  the  ferment  pa]xiin 
is  derived,  which  exerts  a  digestive  action  on  proteids  analogous 
to  that  of  trypsin. 

Such  enzymes  or  ferments  are  also  formed  in  many  csises  by  the 
mycetes,  and  they  have  not  oidy  proteolytic,  but  also  diastatic  properties. 
The  liquefaction  of  gehitine,  which  is  so  evident  a  property  of  this 
class  of  IkkHcs,  is  due  to  the  presence  of  such  an  enzyme.  They  act  in 
an  alkaline  solution,  and  the  quantity  and  character  of  the  enzyme 
secreted  varies  with  the  soil  on  which  the  organism  is  grown.  The 
spirilhun  of  Asiatic  cholera,  for  example,  secretes  a  |)eptonising 
ferment  in  weak  j)eptonised  meat  juice,  a  diastatic  ferment  in  strongly 
nutritive  solutions. 

These  enzymes  can  be  extracted  with  glycerine. 

Fermi  (No.  476,  x.  p.  1  ;  ///.so.  No.  629,  v.  1892,  p.  481)  has  imule 
the  enzymes  which  dissolve  gehitine  and  fibrin  matter  of  s|)ecial  study. 
Among  other  chanicteristics  he  finds  that  attempts  to  isolate  enzynu*s 
in  general  fnmi  the  j)n)teni  bcKlies  with  which  they  happen  to  U' 
mixed  are  unsuccessful.  A  temperature  ninging  l)etween  50  ami 
70  C.  destroys  thorn  when  they  are  moist.  When  dry  they  will  with- 
stand a  high  tem|M*ratine  (140  -160  C.)  better  than  the  s|K)reK  They 
do  nt)t  dialyse  as  the  well-known  enzymes  pepsin,  trv|>sin,  and  invertiii 
<lo.  They  are  active,  as  a  rule,  in  nitrogen,  carlxniic  acid,  c*;irlM)nic 
oxide,  hydrogen,  and  sulphiuvtted  hydnigen.  Those  of  M.  protligiosns, 
B.  py<M  yaneus,  and  Koch's  vibrio  are  affecte<l  prejudicially  by 
sulj)hinette<l  hydrogen.  Oidy  a  few  Iwicterial  ferments  act  U|M»n 
fibrin  ;  th«\v  are  powerK'ss  in  dissc living  egg  albinnin  or  casein.  He 
has  failetl  to  find  an  organism  which  forms  a  fibrin -dissolving  fennent 
in  pH'sence  of  an  acid.  This,  however,  is  not  to  Ik?  wondere<l  at  when 
one  reflects  that  all  known  mien  morgan  isms,  with  the  exception  of 
some  yciusts  and  moidds,  as  well  as  the  different  kinds  of  animal  cells. 
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if  we  exclude  the  secreting  cells  of  the  stomach,  can  live  only  in  alkaline 
or  neutral  media. 

The  ferment-forming  bacteria  shed  their  ferments  into  dissolved 
and  undissolved,  peptonised  and  simple  albumin.  Less  ferment  is 
l)roduced  upon  beef-tea  than  upon  nutritive  gelatine. 

He  supposes  that  these  ferments  do  not  exert  a  deleterious  influence 
within  the  living  body.  They  have  nothing  in  common  with  toxines  ; 
toxines  are  crystallisable  and  soluble  in  alcohol.  The  difference  between 
them  is  also  borne  out  by  the  fact  that  many  of  those  bacteria  which 
secrete  toxines  do  not  secrete  enzymes,  and  vice  versd.  Thus  out  of  141 
well-known  toxin -secreting,  that  is  to  say,  |mthogenic  organisms,  he 
found  only  26  which  secreted  an  enzyme,  and  of  134  which  are 
ferment-secreting,  only  25  which  also  secreted  toxines.  These  enzymes 
can  l>e  injected  into  the  system  of  the  mouse  and  rabbit  with  impunity  ; 
after  twenty-four  hours  no  trace  of  them  is  to  be  found.  They  resist 
the  action  of  carbolic  acid  and  corrosive  sublimate  better  than  spores. 

III.  The  Barter iai  Albtimoses  or  Tox-Albuinins. 

1124.  If  certain  bacilli  such  as  that  of  anthrax  are  grown  on  a 
mediimi  resembling  in  composition  the  liquids  and  solids  of  the  lx)dy 
(animal  proteid  and  mineral  salts)  they  throw  out  an  enzyme  which 
digests  the  proteids  with  the  formation  of  products  resembling  those  of 
j>eptic  and  tryptic  digestion.  There  is  this  difference,  however,  be- 
tween the  "two  (S.  Martin,  No.  6,  1892,  i.  p.  641),  namely,  that  the  final 
result  in  the  case  of  the  bacterial  action  is  a  basic  body,  a  ptomain. 
Thus  :— 


,>H.!:jy;'i;^i^;::^nt. .     ^— t-     ;         ^^^^^^  ''-'i-ts. 


Living  cell.  ^  Pepsin.  I  Syiitoiuu  ;   hetero-albuniose  ;   proto-  ' 

albninose ;  (leutero-albuinose  :  pep-  ' 
tone.  ' 

Living  cell.  Trypsin.  I  Globulin -like  body;   tryptone  (l>ep- 

tone)  ;   leucin  ;  tyrosine  ;    a   bitter 


Bacillus  anthracis        (Anthrax  digestion). 


body. 

Hetero-albumose  ;  ])roto-albumo9e  ; 
deutero-albuniose  ;  ]>eptone  ;  leucin ; 
tyrosine  ;  alkaloid  (base). 


Albumoses,  as  the  table  shows,  are  among  these  products.  They 
constitute  the  most  virulent  of  poisons,  and  are  identical  with  the 
venom  of  poisonous  snakes.  One  very  active  albumose  is  secreted  by 
the  anthrax  bacillus,  others  are  found  in  organs  taken  from  cases  of 
diphtheria,  etc.  (pp.  20,  26). 

Literature   on  Bacterial  Poisatis. — Aitken :    On    the   Animal   Alkaloids,    1889. 
Anderson  ( Fenuentation  and  Ptomaines) :  Gaillanl's  M.  J.  N.  Y.,  xlii.  1886,  p.  234  ; 
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IbiH.,  xliv,  18^7,  p.  32fK  Arloing  i  Aiithr»x)  :  C\iiiij>L  rcud.  Aai4.  d,  ».,  cadv.  180^ 
II.  1!»21,     Amaud  and  Charrin  (Mion)l»a!  hwcretioMa) :  CiiinpU  micl*  Soc.  tie  faiid., 

IV.  189*2,  p.  495.  Ba&^inskj  and  Stadtha^en  {PobonntiPi  Pt«HjticTTj«  nf  Inf^tiail 
Mki-O'orgaTiUiiiaj  :  iWL  kliii,  Wochnwhr.,  xxvii.  1890,  p.  L*94.  Bon'  itr»> 
linal  Origin  of  AlkalouU) :  Rev.  d.  Med,,  Oct.  10.  1882.  Brieger  ;  I  tw^. 
1885;  a/^>,  VVeitert'  Unter?^uchun^f»Ti  tiWr  Ptonmiue,  l*<^ir*  ;  i»/«o,  Ar  n  r.  j*th 
Anat,,  cxv.  1889,  p.  483;  /i/«i  aV-ptotoxin),  Ik-ut,  MimI.  WrK'hn-*t  lir,.  xvii.  \Sn, 
p.  917.  Briefer  and  Fraenkd  ;  Ik-il.  klin.  Woehnsehi.,  \\\\\.  18U0,  pi*.  241.  ISS*. 
Brown:  Tliv  Aiiiniftl  Alkaloids,  1889.  Buchner :  Bid,  ktiij.  WmhuM-lir..  xiftt 
1890,  p.  tiTiJ.     Charrin  {Toxitii-i*  aud  Cfllulsr  Lt-^ioiixj  i  Cf»ir»t4,  i^iid,  S<h%  ilr  l»fc©L, 

V.  1^93,  p.  521.  Dieckcrhoff  and  Lothes  (MitUein) :  B^rl.  tliirriinfU.  Wcir1»n«rhr . 
vii,  1891,  p,  427.  Discussion  :  H«'v.  m«kL  de  Toulousr,  xx.  18^6.  p.  iv*. 
Emmerich  (BACtericiflAl  Action  of  Hlor«l  Semm) :  C«ntialbl  f.  Baktniol.  u.  Parafiitrt] 
knink.,  xii.  1892,  p.  361.  Fermi  (Tiyptie  Euzyiiiesl:  Ccutiult.l.  f.  lUkf^noL  u. 
f'arai«it«iik.,  x.  1891|  p,  401  ;  al^t  (Tnptie  Kii/ynH*  of  lW'tm»i,  <%•»??■ -f'»»  ^ 
Physiol.,  V.  18JI1  9-i,  [k  481  ;  oho,  Artli.  fl  Hyg.,  xiv.  181*2.  j»,  1.  FrankJaii* 
^ir^ni.ttiiii  und  Clirniicftl  Chatige) :  Nalun*.  xlvi.  1892,  p.  V6b.  Gamaleia  i 
Nature) :  \\H.  mod.,  iii.  1891,  p.  537.  Hankin  and  Wcsbrook  \the^  AItiuiii*or» 
And  Toxalbumins  wjcj-^^t*^  by  the  Anthrax  Hat:.)  :  Ann.  dc  lln^tt,  Piwteitr,  xi.  IWI. 
p.  <I83.  Hunter  liliitbu-ru'w  of  O.  on  Fonnalirjn  of  l'tuitmtni'!i;i :  pj-oc.  Ray.  ^w  ♦ 
xlix.  T^;*!.  p,  'Mi\\  Jeannel  (in  S^'ptitwmia) :  Ki»v.  d,  Cliir..  v.  1886.  V  *"*^^ 
Kramer:  M.hI.  Nrw^  I'hila.,  Ixi,  1892.  |».  648.  Macfadyen:  r*  *•  >  ■  ^  - 
<;ov.  b.i,  1888,  Li»nd.,  xviii,  1889,  p.  481  ;  aim  (Action  of  Ei 
Bacteria),  Jonrti.  Anat.  and  Physiol,  xxvi.  1891-92.  p.  409.  W 
tcrium  forimtl  nuieons  siibce, ) :  55t«!hr.  T  phvsioL  Chfiu.,  xv.  189<> 
Brit.  MihL  JniiNj,.  1892,  i.  p.  ti4l  tt  attf,  MeQcki :  Ui'lK-r  die  Zr 
n,  d.  KiwfiHui't!,  187d.  Perdrix  (TianNfonitatiod  of  A/.ottHtn)  Pm 
AnmiJrM  tU  rinstitut  Pjwti'ur,  ii,  1888,  p.  364.  Petruschky 
K.  ■  :  CVntrjilhl.  n  lUct^'rinl.  n,  PamHiti^ik  ,  vi.  18H  i 
;"  -  Bn.ilUi*i:  Compt.  HiMul.  Arad.  d.  .*^o,.  ti.  18^ 
1  .*.  ,.:.:.  ilivKii-;'  Hliii^  Ml  thoiJ) :  Cpntrttlld.  f,  BAkt«riol.  xi 
p.  826.  Rodet  (Tojticitv  of  PnHiui^t!^  of  8ti«pKvliK^Mvuit  I 
Aw.  dHhiol.  iv.  1892,  j»-  M.  Ros:er  iToxk-ily  of  K«lia 
Conipt.  rend.  Soc.  d»*  hiol,  iii.  1891,  p.  727;  aim  (Toxicity  nl  i'l 
(^^li  (Vmiin.),  Arch-  dr-  phy»«iol,  norm,  vt  \Mtlu,  v.  1893,  p.  499.  Ro 
iPtomAinc*)  in  Cliolpm] :  Berl.  klin.  Wodnmhr.,  xxx.  I89a.  p.  :tfH.  Sch 
JhHiL  niiMi  WmdiniM^hr..  xvi.  3  890,  p.  807.  Vaug:haii  and  Novy:  Ptoni 
I*«*inoiiuiinc'»<,  t'tr.,  IS91,  Wooldridgfe  iModcuf  Action  of  Patiio|;cnit:' Orsuii 
K*^p,  L'MMil  r.ov.  B*.jinl.  I^uid.,  xv.  1MS.\  p,  l.M.     WortTOAan  (Dijwtalir  t'cnnoitW 

tVi.  ti'ibCi  :    /t^rlir    r    Phv-iinl  Clji-ni.,  vi.  188*2,  ]•.  287. 

riiKSKNlK   **¥   LxLKiL    IN    CiaTirRICS, 

1 1 '25.  Tho  presence  of  inJul  in  the  media  iijwn  which  an  < 
is  grcmitig  is  au  imp<:»rt;yit  giiido  to  itn  identitication.^     lU  pretence 
inilicAt4Kl    by    a    minerjil  (nitric)  ueitl,  giving  more*  or  less  of  m  rodj 
risaction  :  or  what  is  prefemble,  by  the  following  t«5t :  To  10  cc. 
tho  culture  Hqiiid  add   I  c.c,  of   a  solution  of  tutmte  of  ficyUutb  (3 
ceiitigTAmmes  to  the  100  gmi».  water),  and  then  treat  with  a  few  dnifiil 
of  pure  sulphuric  aeic!,      If  iudot  18  prcAcnt  the  Lirpiid  coloim  fnooi  •  ^ 
ffm*  tint  to  a  det*p  re<l  colour      Kitasato  (No.  36<5»  vii.  18S9»  p.  515) 
Hnd«  that  the  niediii  i»n  which  the  utideniotcd  nrt:jiiu«ni*  an? 
give  the  reaction — 

Spirillum  iii  choleni. 
Bsu'tcrium  of  fowl  cholera. 
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Bacillus  of  septicaemia  of  rabbit. 

Bacillus  of  swine  cholera. 

Bacillus  of  tetanus. 

Bacillus  of  symptomatic  anthrax. 

Septic  vibrio. 

Finkler's  spirillum. 

Bacillus  lactis. 


Nitrification — Reduction  of  Nitrates — and  Absorption 
OF  Free  Nitrogen. 

1126.  Nitrification. — Nitric  acid  is  generally  admitted  to  be 
one  of  the  most  important  plant  foods  in  the  soil.  The  quantity  of  it 
to  be  found  in  the  soil,  however,  is  comparatively  small.  This  is  said 
to  be  due  to  its  being  so  readily  absorbed  by  plant  life,  and  to  its  being 
easily  washed  away.  Soil  converts  the  nitrogen  of  organic  substances 
into  nitric  acid.  As  shown  by  Schloesing  and  Miintz,  this  power  is 
dependent  upon  the  microbes  in  the  soil,  for  when  those  naturally 
present  within  it  are  destroyed  by  antiseptics  or  otherwise,  the  soil 
loses  this  property. 

According  to  Frankland  (No.  636,  xlvi.  1892,  p.  136),  there  are 
two  kinds  of  nitrifying  bacteria,  namely,  (1)  those  which  produce 
nitrous  acid,  and  (2)  those  which  transform  this  into  nitric  acid. 
The  first  set  converts  ammonia  into  nitrous  acid,  the  second  set  carries 
this  a  step  further.  The  members  of  the  second  set  have  no  influence 
over  ammonia. 

Winogradsky's  experiments  go  to  show  that  these  nitrifying 
bacteria  can  take  up  nourishment,  multiply,  and  form  protoplasm 
from  a  solution  destitute  of  organic  matter.  It  was  held  formerly 
that  this  was  exclusively  a  property  of  organisms  which  contained 
chlorophyll.  They  further  refuse  to  grow  on  ordinary  solid  culture 
media,  but  Kiihne  has  overcome  this  difficulty  by  employing  entirely, 
mineral  ingredients  converted  into  a  jelly-like  consistence  by  silica  ^ 
(Frankland). 

Reduction.— Laurent  (No.  423,  iv.  1890,  p.  722)  finds  that 
germinating  seeds  of  different  kinds,  the  tubers  of  potato,  and  several 
fruits  have  the  power  of  reducing  nitrates.  He  supposes  that  this 
property  in  the  higher  plants  is  due  to  a  substance  contained  in  them, 
and  shows  that  it  continues  even  if  the  vitality  of  the  plant  is  destroyed. 
•Similar  properties  are  possessed  by  algae  and  fungi,  and  in  a  high 
degree  by  bacteria.  Yeasts  do  not  manifest  this  function  to  any 
marked  extent. 

Deh^rain  and  Maquenne,  Gayon  and  Dupetit,  Frankland  and 
Warrington,  more  especially  the  last  two,  have  shown  that  a  large 

'  Ammonium  sulphate,  ))ota8sium  phosphate,  magnesium  sulphate,  calcium  chloride, 
magnesium  carbonate,  au«I  dialysed  silicic  acid. 
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number  of  bacteria  can  also  reduce  nitrates,  and  Laurent  has  coniinned 
their  observations.  There  is  this  difference,  however,  between  the 
action  of  bacteria  and  such  substances  as  the  tuber  of  potato,  namely, 
that  if  the  vitality  of  the  bacteria  is  destroyed  there  is  never  any 
production  of  nitrites. 

The  nitrites  disappear  when  the  medium  becomes  acid,  and  this 
disap])earance  can  be  prevented  by  the  addition  of  a  little  car)K>iiate 
of  lime.     Acids  destroy  nitrites  when  formed  from  any  source. 

Absorption  of  Free  Nitrogen. — Plants  were  until  com]Kini- 
tively  lately  supposed  to  gain  their  nitrogen  always  from  that  element 
in  combination.  The  question  has  often  been  askwl  whether  there 
was  any  evidence  of  their  absorbing  the  nitrogen  which  is  free  in  tho 
atmosphere  directly  into  their  sul)stance,  and  always  until  lately 
answered  in  the  negative.  The  works  of  Frank,  Hellriegel,  and 
Wilfarth,  liawes,  Berthelot,  Ciilbert  and  Pugh,  Schla^sing  and 
Laurent,  and  otheis,  have  demonstrated  not  only  that  this  is  a  |>oft- 
sibility,  but  that  with  cerUiin  legumes  and  gi-een  plants  low  in  the 
scale  it  takes  place  freely. 

Upon  the  roots  of  certain  legiunes  (i>ea)  there  are  to  be  found 
tuberosities,  whose  purpose  heretofore  had  always  l>een  more  or  less* 
of  a  mystery.  Recent  investigation  has  gone  to  prove  l>eyond  a 
doubt  that  they  are  orgiins  for  the  absoq)tion  of  free  nitrogen.  They 
swarm  with  bacteria,  and  apparently  it  is  through  their  instrumen- 
tality that  tho  absori)ti()n  is  ettected.  By  them  it  is  passed  into  the 
substance  i)n)por  of  the  plant. 

These  bacteria,  according  to  Berthelot  (No.  40,  cxvi.  180.*^,  p. 
842),  can  also  abstract  their  nitro^^en  from  organic  com{)ounds,  and  will 
do  so  by  jHvfcrcncc  if  they  are  freely  supplied  with  it  in  that  form. 
Iiuiood,  they  flourish  best  on  such  a  basis.  It  is  only  when  they  are 
forced  to  do  so  that  they  a])stract  it  from  the  atmosphere. 

Immi'MTV. 

1127.  ProUibly  from  the  remotest  times  it  has  l>een  a  matter  «»f 
common  obseivatioii  that,  in  a  large  majority  of  the  infectious  fevt^rs, 
the  afHiited  individual,  after  recovery,  enjoys  a  more  or  less  complete 
immunity  fn»ni  a  future  attack.  The  ac(juired  immunity  lasts  from  a 
few  months  up  to  the  remainder  of  a  lifetime.  The  i)eri<Kl  varie> 
acconling  to  the  disease  and  the  idiosyncrasy  of  the  individual.  Thus 
an  attack  of  measles  in  childhood  may  fairly  W  8Ui>|>osed  to  exempt 
the  subje<t  of  it  from  a  second  attack,  and  this  holds  gmxl  as  well  »»f 
scarlet  f«'ver,  typhoid,  typhus,  and  practically  also  of  small|K>x. 

The  siune  may  be  asserted  (►f  ino.st  of  the  contiigious  disea.*^s — that 
is  to  say,  th«)s«'  diseases  convi'yed  by  actual  contact,  not  through  the 
intermediation  of  tho  atmosphiTo.  In  fact,  tho  i)resumption  is  legiti- 
mate that  they  all  come  tuider  this  category,  with  the  (puiliticiititui 
that  tho  truce  enjoyed  varies  in  i)oint  of  dunition. 
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But  there  is  another  equally  well-recognised  fact  bearing  upon  this 
subject,  namely,  that  certain  species  of  animals  are  protect<3d  naturally 
against  infectious  and  contagious  disease  to  which  others  of  near  kin- 
ship fall  a  prey.  Many  of  the  diseases  of  this  class  having  their 
stronghold  in  the  system  of  Man  are  unkno^vn  as  diseases  of  the  lower 
animals,  and  contrariwise.  The  ordinary  sheep  takes  anthrax  readily, 
but  it  is  with  the  greatest  difficulty  that  the  disease  can  be  inoculated 
upon  the  Algerian  sheep.  There  is  no  animal  to  which  anthrax  can  be 
conferred  so  readily  as  the  mouse,  yet  the  adult  rat  is  almost  quite 
immune.  Tubercle  is  a  disease  practically  unknown  in  the  ordinary 
sheep,  yet  the  cow  is  very  susceptible  to  it. 

What  this  acquired  and  this  natural  immunity  are  dependent  upon 
has  remained  till  recently  a  complete  mystery.  We  cannot  be  said 
even  yet  to  have  a  thorough  knowledge  of  how  it  comes  about,  but  a 
good  deal  of  information  has  lately  been  acquired. 

Vaccines. — Various  attempts  were  made  upon  purely  empirical 
grounds,  in  bygone  times,  to  protect  the  system  from  infectious  and 
contagious  disorders,  in  none  with  more  success  than  in  the  case  of  the 
adoption  of  vaccination  against  the  smallpox.  Still  we  have  no 
conception  how  vaccination  acts  in  bringing  about  this  desirable  state 
of  body.  We  are  not  even  agreed  about  the  relationship  of  cow-pox 
to  smallpox.  Numerous  as  have  been  the  endeavours  to  confer  small- 
pox upon  the  cow,  it  cannot  be  said  that  any  one  of  these  has  been 
attended  with  success.  There  are  thus  some  grounds  for  affirming 
that  the  two  diseases  are  essentially  different,  although  so  far  related 
that  the  one  acts  as  a  protection  against  the  other. 

Vaccination  with  the  Microbe. — The  earliest  attempts  to 
prepare  vaccines  (sir)  artificially  were  directed  to  attenuating  the 
vinilency  of  the  microbes  which  are  the  cause  of  contagion,  with  the 
purpose  in  view  of  utilising  these  for  inoculation  purposes.  The  fact 
that  a  disease  microbe  may  exist  ^vith  various  degrees  of  virulency,  and 
that,  when  in  an  attenuated  condition,  it  may  still  act  as  a  protective, 
was  first  demonstrated  by  Pasteur.  In  a  note  to  the  French  Academy 
he  described  how  the  virus  of  fowl  cholera,  a  peculiarly  destructive 
malady  prevailing  in  the  poultry  yards  around  Paris,  can  be  attenuated 
by  long  exposure  of  an  artificial  growth  of  the  organism  to  air.  It 
becomes  so  diluted  that  perhaps  only  one  in  ten  animals  dies  when 
infected  by  it,  and  a  stage  is  at  length  reached  in  which  the  virus  does 
not  kill,  but  nevertheless  plays  the  part  of  a  vaccine.  He  assumed  that 
the  attenuating  agent  was  the  prolonged  contact  with  the  atmosphere. 

Similar  experiments,  as  already  detailed,  were  made  with  anthrax 
(vol.  i.  p.  141).  Since  then  it  has  been  found  that  most  pathogenic 
organisms  become  attenuated  when  grown  out  of  their  natural  habitat, 
and  some  of  these  in  their  diluted  condition  have  been  employed  as 
vaccines.  Tubercle  is  an  exception  to  this  general  statement.  It  is 
apparently  as  virulent  after  being  grown  for  a  succession  of  genera- 
tions as  it  was  when  removed  from  the  original  host. 
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Chemical  Vaccination. — Later  on,  however,  another  metliod  of 
vaccinating  was  intniduecd,  namely,  that  of  employing  the  producU 
elaliomt^id  by  the  microbe  rath lt  than  the  micnilw  itself.  It  i»  knowti 
lis  rhrmiral  mauuifutii  \\\  contract  to  that  just  (let^criln**!,  which  i»  ttsitally 
termed  mtclmUum  with  the  micrdlit'. 

The  *;eneml  results  of  this  methwi  bear  out  that,  in  firrU*r  to  render 
an  animal  immune  agiiinst  a  jmrtienlar  eonta^ous  malady,  it  ts  Itn* 
necessary  to  employ  the  microbe  itself.     The  chemical    p"     '  irt 

stifticient  to  procure   the  desired   end.     The  prrieedure,  in  in 

one  fiuught  with  lee§  danger,  althouf^h  the  immunity  in  nn»**t  *;4*ri^  in 
not  so  lasting  as  when  the  microfK*  itself  i^  used,  VaccinHtion  «»itli 
the  microbe  is  always  attended  by  the  difficulty  that  the  urganiam  majr 
have  reasRunjed  a  jitate  of  vi  ruler  icy. 

Separation  of  the  Chemical  Products.— The  meatts  adopted 
for  8eparating  the  chemical   prmluct^^  from   the  organism  are  ^ 
AnjoTig  the  earliest  was  that  iji  filtration  through  |>orcelain,      W 
up  t^  a  high  tcm|»emture   has  also  been  employed,  but  the  proceiiurr 
may  <iefttroy  the  vitality  of  the  microlies  only  iwrtially,  and  is 
liable  to  injure  the  chemicid  ftubstancea  it  is  desired  to  retain. 

A  procedure  vrhich,  in  the  hands  of  Itoux  and  de  Christmas  M 
pmved  most  serviceable  is  the  mixing  of  certain  essences,  i^uch  jt 
those  of  garlic,  mustard,  or  eucalyptus,  with  the  infected  blufjci  tir 
artificiid  cidture,  The8c  essences  are  |>owerful  germicides,  but  leave 
the  ehemiciil  prmluct^i  uiiiin|mired.  I'hey  are  likewii«e  voUtile,  and 
consequent ly  after  having  served  their  pur|X)se  can  i»e  gat  rid  ^ 
readily  by  evaporating  in  racniK  Anthrax  blood  thus  treated  it 
rendered  harmless  as  a  means  of  conveying  the  disease,  but  neverthe- 
less its  intiMMbirtinn  into  the  system  of  an  animal  like  the  sheep  eonferv 
an  iinmunuy  more*  or  Irss  ibnviblc. 

Chemical  Vaccination  against  Tetanus, — Siime  of  th«  mont 

remarkjd»le  experiments  liearing  u]M»n  the  sid>ji?ct  ol  eheudcjd  vaccitui' 
tion  have  l>een  made  with  tetanus.  This  disease  is  [xirticidarly  well 
suitecl  for  the  purf>ose,  for,  like  diphtheria,  the  Viacillus  live*  nidy 
locally  in  the  wound  ;  it  is  not  disseminated  bnjadcast  thr  'he 

bloixl  and  tissues.  The  toxic  symptoms  are  due  to  the  a>'  ,  i  of 
the  tetanic  Toxines  secreted  in  the  pirt  u|Kin  which  the  t^^tanai 
liacillus  ha^  t44ken  hold. 

By  the  use  of  oft^refieated  doses  of  the  filtered  chemical  prodocta 
or  toxines  of  a  growth  of  the  tetanus  liaeillus  the  system  gratltially 
beeomoa  inured  to  their  aciit>n,  so  that  a  dose  of  toxine  far  Jv*v*iml 
that  whieh  otherwise  would  Ik?  lethal  for  the  animal  experint  ^ai 

can  t»e  borne  in  time  by  it  with  impunity.     Thus  iJoux  an  AStl 

(No*  423,  vii.  1893,  p.  65)  find  that  they  can  inject  3  cc  of  a  tetanic 
torine  solution  on  the  first  day,  H  c*c.  on  the  fifth  «la>%  and  \2  cc  on 
the  ninth  day  :  and  so  on,  it  is  said,  up  t«>  a  matter  of  lfi012f>  cc^ 
always  allowing  an  intertill  of  eight  days  Ijetwern  each  of  the  lattr 
injections. 
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Immunisation  by  Antitoxic  Serum. — When   this  stage   of 
tolerance  of   the   tetanic   toxine   has   been   reached  a  new  feature  is 
observed,  iiiimely,  thiit  the  serum  of  the  aninm!  so  immuinsed  has  the 
power  of  conferring  this  immnnity  upon  a  fresh  host  when  intrmluced 
into  its  circulation.      The  explanation   usually  given  of  this  power  U 
that  the  presence  of  the  toxioe  in  the  lilood  has  called  forth  the  fornift- 
tion  of  a  substance  which  is  inlndcal  to  it^  which  destroys  or  neotmli&es 
^^^  and  to  which  aeoonliugly  the  name  **  antitoxine  "  has  been  applied. 
^^hs  source  is  supposed  to  be  the  cells,  probably  the  fixed  cells,  of  the 
^^Bssues.     The  pro[ Gerties  of  the  serum  of   the  lilood  of  an  animal  so 
^(ptmunised  against    tetanus  are  very  reniarkahle.      If   eipuil    parts  of 
'      such  serum  and  of  tetanic  toxine   antlicieut   to   kill    a   guinea-pig  be 
mixed  and  introduced  into  the  system  of  a  fresh  guinea-pig,  the  animal 
does  not  manifest  any  sign  of  tetanus,      Supposing  that  120  c.c.  of  a 
Loitered  tetanic  culture  be  injected  into  a  vein  of  the  ear  of  the  rabbit 
^Brevioiisly  rendered  imnnuic,  the  blood  withdrawn  thirty  minutes  after- 
^\vards  is  found  to  be  free  from  toxic  pro[»erties  even  when  iiitro<kiced 
into  the  system  of  an  auiinal  so  sensitive  as  the  oiouse.      It  neverthe- 
less confers  inimuriity  upon  the  recipient.      And  the  more  toxine  era- 
^^jjloyed,  provided  stithcient  time  has  been  allowed  to  elapse  after  ita 
■Bjfit reduction,  the  more  antitoxic  the  serum  seems  to  become.     It  is 
^Bbsv  to  obtain  serums  whose  protective  power  in  this  way  is  extraoixli- 
^pary.     The  immunising  power  of  such  serum  continues,  according  to 
Roux  jinil  Vaillurd,  for  years,  but  Ijecomes  grachially  weaker  and  weaker, 
^The  action  of  the  antitoxine  upon  the  toxine  is  instantaneous.      The 
^■ploment  the  mixture  is  made  it  becomes  innocuous.     And  this  happens 
^^rresjiective  of  whether'  the  ixiixturo  is  conrlticted  tn  ritro  or  in  the  blood 
circulating  in  the  body  of  the  experimental  host.     If,  for  instance,  a 
^^eadly  dose  of  Ujxine  be  injecteAi  into  the  cellular  tissue  of  one  flank 
^Hl  an  animal  and  an  eifuivalent  dose  of  antitoxtc  serum  into  the  otlier, 
the  animal,  owing  to  the  uner|nal   power  of  «lit!'usion  of  the  two  aub- 
staaces,  may  sutler    for   a   time    from    tetanic   symptoms,  but  these 
rapidly  disappear,  unless  it  be  at  the  point  where  the  toxine  has  been 
injected, 

Imnuinity  seeraa  to  be  acquired  immediately  after  the  introduction 
a  single  large  dose  of  antitoxic  sorunn  antl  is  proportional  to  its 
Strength,  but  this  ftjrm  of  immnnity  is  far  less  lasting  than  that 
acipiired  giiwinally  by  the  introduction  of  successive  small  doses  of 
^^oxine  or  l>y  the  inoculation  of  an  actual  culture  of  the  tetanus  microbe. 
^Kaeh  time  that  the  cells  of  the  organ  ism  are  subjected  to  the  action 
^Hf  the  tetanic  toxine  ihey  fortify  themsehes  for  a  certain  period 
^l^inst  its  influence,  and  the  jteriod  seems  to  be  proportional  tci  the 
''  Tiumber  and  strength  of  the  doses  employed.  This  would  tend  to 
^how  that  while  antitoxic  blood  serum  acts  simply  njwn  the  blood, 
res  its  action,  in  fact,  to  it^  antidotal  properties,  and  is  proportional 
the  quantity  intrrxluced,  the  repeiited  introduction  of  toxine  eflects 
Bme  permanent  intluonce  ui>on  the  cells  of  the  body  wdiich  presumably 
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secrete  the  antitoxine.  8tich  a  suppodtioti  is  btDrtie  out  by  the  tict 
tliat  fretpient  tlepletions  of  blocwl  hiive  very  little  inf!ucnc«  U{ioti  lii* 
antitoxic  powers  of  the  j^enini  of  thi?  1i1<m)i1  u!  an  niilnuil  n*iiflrrc%l 
immune  by  rcpouted  introduction  into  i!«  cinnilation  of  tlilultHj  tuxiuiL 

Contrary  t^j  what  ujij;ht  be  fX|H>cteil,  the  bltnul  uf  jiniimiltt  nAtaf 
!illy  imtuune  to  teUinus,  such  »s  the  fti^U  him  no  antitoxic  |>ro[i«'rt]«a. 
Yet  their  blo<Hl  am  he  rcralered  antitoxic,  like  that  of  other  siniiriak 
by  the  iritjoduction  of  a  dose  of  tetanic  toxiue.  The  immunity  en 
joyed  by  such  aniiwak  in  all  proliability  is  not  owing  to  the  tiatumUy 
;vntit4>xir  projwrtie^  of  the  bloo<l,  but  is  due  to  some  as  yet  unrevmlwl 
circuniMtjinic,  The  i|ue8tion  of  th«^  mode  of  fontiatian  of  thi*  atili 
toxic  8u]j8tiince  is  one  of  much  interest.  In  the  ciiae  of  tetuntis  it 
seems  to  W  ft>iTiied  only  ujjon  occasion,  and  in  iwcortlance  with  tin? 
amount  of  tetanic  toxiue  introihiceil.  U  it  merely  a  tiiodiftaiiion  trf 
thm  toxine.  or  is  it  a  new  secretion  1  We  know  that  it  exists  in  the 
serum  alone  ;  the  blood -clot  is  free  from  it ;  while  other  8en>Uft  ti«|uid« 
ami  the  liquid  excreta  thmnghout  the  !»ody  show  it  in  variotu^ 
degrf*ej^  nf  ri»nccnt ration,  The  milk  is  rich  in  it  ;  milk  acts,  itidectL 
like  blood  Hcrum  iis  an  immunisjii*:  agent*  For  if  ihr^  t?utkling  mothfT 
is  rentlercd  immune  shn  is  caiwible.of  conferring  her  immunity  to  the 
olTspring  through  the  milk.  One  of  the  most  plausible  exp]anatioii«  tt 
that  the  antitoxine  is  secreted  by  sjK^cial  ghLinU,  such  as  the  thyiiitii^ 
thyroid,  or  Hplceti.  It  is  dittrcult  to  isolate  the^e  glands  in  the  living 
Ixxly^  and  lience  to  say  in  how  far  an\'  jNi^itive  residt  is  dtte  to  them. 
It  hah  lM*en  averted  by  Brieger,  Kit^isitto,  and  Wassennaiui  that 
extract  of  the  thymus  gland  ban  a  jKiwerfully  antitoxic  action  ot6r 
t,hc  toxines  of  t4?tanu&,  di]>hthoria,  typhoid*  etc.  Another  stipp» 
tion  is  that  it  is  secreted  by  the  leucoc^i^e^  of  the  bloocL  But  it 
ciinnot  be  sjiid  that  wc  have  as  yet  any  ilcHnit-a  or  distinct  notion  of 
where  it  is  dtTive^l  from. 

Seeing  that  antitoxic  serunj  has  so  |K)\verful  an  inhibitory  influence 
on  the  dcvelofiment  of  tetanus,  one  would  natundly  be  aiixiouji  to 
know  whether  it  exerts  a  curative  action  upon  the  disease  when  ooro 
thoroughly  established.  In  this  direction  success  as  yet  ha*  bertt 
only  imrtial.  Hy  the  time  the  first  symptoms  show  thcntsrh^ex  the 
tetainV  t<»xiru*  has  had  an  opporttniity  of  acting  uixm  th»'  cells  thrr»iigh^ 
out  tht'  Unly^  anil  the  antitoxinc  cannot  do  anything  to  countenu'i 
the  iHiisoning  of  their  prot^»[jlasm,  which  has  Ik'cu  already  aeet>tii* 
ptished.  Doses  of  the  strniigest  serum  are  inf*iTectual  againftt  telatni* 
when  thorotighly  esbiblished,  and  this  holds  giKMJ  lioth  m  the  laiMt*  id 
the  lower  animals  and  in  that  of  Man. 

Antttoxine  from  Glands.  —As  liearing  upon  the  flttppoml 
origin  r»f  the  antitoxine  of  tetanus  from  the  tixed  cells  of  the  IxKly.  it 
may  Ik?  mentioned  that  attempts  have  Ijeen  n»ade  by  Hriegrrt  Kitafolii, 
mm\  Wassermann  to  prepare  it  artificially  from  certain  glands  s«rh  a« 
the  thymus.  The}*  conclude  that  from  [Uirtieular  organs  i>f  healthy 
animals  certain  antitoxic  sulistanc4'j$  cim  lie  obtaitieil  wbicVi  ano  initnicml 
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to  the  toxines  secreted  by  various  microbes  such  as  those  of  tetanus, 
cholera,  diphtheria,  typhoid,  erysipelas,  swine  fever,  and  anthrax. 

Healthy  Blood- Serum  Germicidal. — Indeed,  healthy  blood- 
serum  api^ears  to  be  germicidal  in  a  high  degree,  for,  as  the  experi- 
ments of  Nuttal  (1888)  went  to  show,  and  as  those  of  Hankin, 
Buchner,  and  Roux  confirmed,  organisms  such  as  that  of  anthrax 
are  killed  in  large  percentage  when  suspended  in  it.  In  half  an  hour 
after  mixing  anthrax  bacilli  with  freshly-defibrinated  blood,  a  great 
number  of  them  will  be  found  to  have  perished.  It  does  not,  how- 
ever, prove  fatal  to  the  whole  of  them.  The  remainder,  if  left,  may 
continue  to  grow.  The  blood,  or  its  serum,  in  time  loses  this  pro- 
perty completely,  so  that,  as  is  well  known,  it  comes  to  constitute  one 
of  the  best  of  culture  media. 

There  is  thus  evidently  something  dissolved  in  the  blood-serum 
which  is  antidotal  to  the  toxines  of  anthrax  and,  it  may  be,  other 
microbes.  What  then  is  this  ?  Hankin  and  Buchner  have  succeeded  in 
separating  proteid  substances,  what  the  former  calls  "defensive  proteids,'* 
the  latter  alexines  (aAc^w,  I  defend),  which  they  allege  arc  the  agent  in 
question.  Hankin  has  derived  them  not  only  from  the  blood,  but  also 
from  the  spleen  and  lymphatic  glands,  and  both  he  and  Buchner  are 
agreed  that  they  result  from  the  metabolism  of  different  cells  through- 
out the  body.  They  are  freely  soluble  in  glycerine,  although  not 
in  alcohol  or  ether. 


raccimUkm  against  Cholera. 

Haffkine's  method  of  anticholeraic  vaccination  (see  No.  6,  1893,  i. 
p.  227)  is  founded  on  the  principle  of  calling  forth  an  excess  of  these 
defensive  proteids,  or  whatever  they  may  be,  by  the  sul>cutaneous 
injection  of  an  extremely  virulent  culture  of  the  cholera  spirillum  or 
of  this  sterilised  by  the  addition  of  a  little  carbolic  acid.  The  former 
is  the  more  powerful  agent,  but  it  is  also  necessarily  the  more 
dangerous  of  the  two. 

The  organism  as  taken  from  the  intestine  of  a  cholera  patient  is 
not  sufficiently  virulent.  Its  power  requires  to  be  exalted  by  culti- 
vation in  the  peritoneal  cavities  of  a  succession  of  guinea-pigs  up 
till  a  time  when  it  is  so  intense  that  it  destroys  the  guinea-pig  a  few 
hours  after  its  introduction  into  the  peritoneum.  In  order  to  make  sure 
that  no  contamination  has  occurred  in  the  successive  transferences  from 
one  animal  to  another,  some  of  the  growth  from  the  last  guinea-pig  is 
sown  on  an  agar  plate,  and  a  fresh  culture  on  an  agar  tube  is  made  from 
a  pure  colony.  After  this  has  grown  for  some  time,  some  sterilised 
]>eef-tea  is  introduced  into  the  tube,  and  shaken  up  with  the  organism. 
This  constitutes  the  vaccinating  liquid,  and  may  be  used  as  it  is 
(living  vaccine),  or,  as  l)efore  mentioned,  after  the  addition  of  a  little 
carbolic  acid. 
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Pastern's  MeihM  of  Ptophtdarii  a^inst  IfyimpfiofAti^ 

1128.  One  of  the  chief  chanicteristics  of  mbicws  in  thi?  nbhit  m  ! 
coinixirect  with  the  disease  in  Mjiii  is  ihc  J^hort  i>«*rio<l  of  iU  in- 
ailMiiion,  H  the  rabiL'  virus,  nioreiiver»  lie  lirtK'ulmttMl  tm  a  wetim  of 
rabbits  through  u  tropun  ojRMiing  iti  the  skull,  u*«ing  the  iniHluIlii  i>( 
one  animal  as  th«'  nii'uns  uf  inoculalion  of  anothin%  ihi'  iM?ntJii  of  in- 
i!UlKitioa  bocomea  |irop't'saivo!y  *«horter  aud  shorter.  There  noiuai  a 
tiitiL%  however,  in  which  it  is  rcduceil  to  exactly  six  days,  ami  when 
that  is  so  the  poigoii  goes  by  the  name  of  "virus  fixe.**  If  the  c««rd 
from  a  rabbit  suttVriu^  from  rabies  as  a  result  of  this  **viriis  fixe"  **r 
8\iftjH*ridp«l  in  an  atninsjjhen^  ihieil  !iy  the  j>rcsijne.e  tif  }Mita«ih  and  krpi 
at  a  tenij)orature  of  :ll\  i\  it  graclimlly  hises  itj?  vimlence,  so  that  aft4?f 
five  t«i  six  days  it  fails  to  confer  rabies  \i\uhi  uniniaU  i?ven  when 
inoetdated  on  the  dura  uial+'r. 

It  can  still,  however,  l>e  employed  as  a  pm|*hyhictic.  The  dryin^i 
of  the  cord  as  a  means  of  reclming  the  vindenee  of  the  |K>istm  eontiiineil 
in  it  was  suggested  to  Pasteiu'  by  his  having  ob»crve<i  that  eords  *A 
rabbits  dcaii  for  some  time  contained  a  vims  uf  less  strength  than  tho«^ 
which  were  fresh.  Acc*)n]irig  ta  the  lerjgth  of  time  the  c<inl  i*  i*xjk>«n1, 
S(J  a  series  of  vintses  of  graduate! I  strength  cjjn  be  o)»tJMned*  The 
eords  containing  the  |K»iH4m  in  dtiTeiTut  stages  of  atumuation  art;  titsal  ! 
up  with  a  little  iHjuillnn,  and  the  bVjuiil  demnte<l  ofT  is  the  prr>phylactir. 
A  few  ilrops  are  injected  tiulK'ntaneously  by  means  of  a  sterih?  syringu. 

In  funner  times  Pasteur  useil  to  begin  the  injectiotis  with  the 
liipiid  from  a  cord  expO!*ed  for  fift^-en  days,  and  proceedeil  daily  until 
a  conl  wa»  reached  which  ha4l  Wen  exixwerl  for  only  twenty. four 
hours.  As  a  re4;alt  of  further  expf^rimentation  on  dogiv  he  fouiKl  tiiAt 
it  is  much  bctt^^r  to  \H*^in  with  a  conl  of  ten  ilays'  c3C|Ki«iirc\  and  In 
ailminist^'r  three  injeetiuns  daily.  The  cunls  usihI  on  the  first  ilay  arv 
expis^Hl  for  ten,  nine,  arid  eight  <lays  resjiectively.  On  thr  seconcl  <lair 
of  the  treatment  he  employs  cords  of  the  seventh,  sixth,  antl  fifth  ibyv 
and  so  on  until  the  treatment  Li  compteted  on  the  niornitig  fd  the 
fourth  day  by  a  single  injection  taken  from  a  cord  exposed  for  iventjr-  ^ 
four  hours.  This  cord  may  he  looked  uiM>n  pmctically  a*  fresh^  setiuig 
that  the  iKJtaah  hail  had  the  effect  simply  of  <irying  the  cortical  lay«n^ 
while  the  centn^  remains  unaltered.  When  this  first  cinirse  of  trvatment 
is  over,  he  waits  fur  a  day  or  two,  and  then  commences  a  second  crj^insr, 
in  which  ime  injection  daily  is  considered  sutTicient,  but  initiat«^d  wilb 
a  spinal  cord  exjMJsei]  only  for  seven  days  in  the  deaiccating  iMjtUe 


Immunitp  fo  likin  and  JMn, 

1129.  A  most  remarkable  discovery  has  ^leen  made  by  Khrlicli 
(No.  93.  1891.  No.  xxxii, ;  //W„  No,  xliv.;  aho.  No.  49, 1891,  L  p.  292)l 
ely,  that  an  immunity  similar  to  tbit  just  described  a|^inat  tcuatit 
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can  be  acquired  against  the  two  substances  licin  and  abrin.  They  are 
described  as  tox-albumins.  Ricin  is  obtained  from  the  castor-oil  seed 
(Ricinus  communis);  abrin  is  abstracted  from  the  jequirity  bean. 
Both  are  highly  poisonous  substances,  ricin  more  so  than  abrin.  It  is 
estimated  by  Ehrlich  that  one  gramme  of  ricin  would  suffice  to  kill  one 
and  a  half  millions  of  guinea-pigs.  If  it  is  injected  under  the  skin  it 
induces  intense  inflammation  and  caustic  action.  Hence,  in  order  to 
immunise  the  animals  experimented  upon,  he  found  it  necessary  to 
administer  the  ricin  by  the  mouth.  If  repeated  small  but  increasingly 
large  doses  are  given  to  guinea-pigs  by  the  mouth,  there  comes  a  time 
(twenty-one  days)  when  they  are  able  to  withstand  the  action  of  the 
substance  administered  subcutaneously  up,  it  is  said,  to  four  hundred 
times  the  lethal  dose. 

Abrin  acts  like  ricin  when  injected  subcutaneously,  but  not  so 
actively.  When  introduced,  however,  into  the  conjunctival  sac  it 
induces  intense  panophthalmitis,  often  ending  in  destruction  of  the 
organ.  After  mice  have  been  fed  for  some  weeks  with  food  containing 
abrin,  the  strongest  application  of  the  substance  to  the  conjiuictiva  was 
without  effect  in  setting  up  inflammation. 

Ehrlich  supposes  that  these  effects  are  dependent  upon  a  defensive 
substance  present  in  increasing  proportion  in  the  blood,  and  to  which 
he  tentatively  applies  the  name  antiabrin.  As  bearing  out  this 
supposition  he  asserts  that  injection  of  the  blood  of  animals  rendered 
immune  against  ricin  into  the  mouse  and  rabbit  renders  them  also 
immune. 

Essential  Cause  of  Immunity, 

1 1 30.  Facts  such  as  these  raise  many  curious  questions  as  to  what 
immunity  consists  in.  Are  we  to  conclude  that  for  each  toxine  against 
which  the  system  fortifies  itself,  there  is  secreted  the  appropriate 
antitoxine,  or  is  there  some  wide  general  principle  at  work  of  which 
at  present  we  have  no  knowledge  ?  It  were  needless  waste  of  time  to 
indulge  in  speculation  on  a  subject  where  experimental  proof  alone  is 
of  value.  There  seems  very  good  reason  for  believing  that  much  more 
light  will  be  shed  on  the  matter  before  long. 

Re(jioiuxl  and  Hereditary  Immunity. 

1131.  The  exi>eriments  of  Bidenkap,  Diday,  and  others  have 
shown  that,  if  a  series  of  inoculations  of  syphilis  are  made  in  the  skin 
of  a  i)erson  suffering  from  the  syphilitic  chancre,  the  i>arts  become 
more  sensitive  to  its  action  the  further  the  point  of  inoculation  is 
removed  from  the  primary  sore.  In  its  immediate  neighbourhood  the 
inoculations  induce  merely  an  abortive  papule,  at  a  distance  a  true 
chancre.  There  is  thus,  as  it  were,  a  rerjional  immunity  in  this  first 
stage. 
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As  the  secondaries  api)ear  (eight  to  ten  weeks)  there  followis  an 
ahs/date  immunity.  The  organism  fails  to  react  in  any  way  to  the 
syphilitic  virus,  and  as  the  secondaries  decline  (during  the  followinj: 
two  years)  absolute  immunity,  continuing  for  years  (nineteen  to  twenty), 
is  the  rule,  but  not  the  invariable  rule.  Indeed,  it  is  t]uite  exceptional 
to  find  the  individual  twice  infected  by  the  syj)hilitic  poison.  This, 
however,  may  in  a  manner  be  accounted  for  by  collateral  causes  such 
as  advancing  age. 

Children  hereditarily  syphilitic  appear  to  be  immune,  but  excep- 
tions even  to  this  nde  are  said  to  have  occurred.  Children  l»om 
healthy  of  parents  who  have  had  syphilis  nevertheless  appear  to  remain 
immune,  or  contract  the  disease  in  a  mild  form.  The  mother  may 
remain  uninfluenced  while  the  children  have  ac(|uired  immunity. 


Ifuctriiw  of  PJuvjoajtods  ami  Immunity, 

1132.  The  exi>eriment8  of  Cohnheim  (No.  13,  xl.  1S67,  \x  1), 
Hoffmann  and  v.  Kecklinghausen  (No.  50,  v.  1867,  j>.  481),  Hoflfmann 
and  Langerhans  (No.  13,  xlviii.  1869,  p.  303),  and  in  later  times  of 
Siebel  (No.  13,  civ.  1886,  j).  514)  have  shown  that  when  minute 
inorganic  pigment  psirticles  such  as  cinnabar  or  indigo  are  introduced 
into  the  circulation  they  are  seize<l  ujk)!!  within  a  few  minutes  by  the 
leucocytes  of  the  blood.  Within  twenty-four  houi*s  nearly  the  whole 
of  the  pigment-loaded  leucoiTtes  have  vanished  from  the  circ^ilating 
blood  and  have  takt^n  up  tlieir  stronghold  in  various  organs  of  the 
body,  more  especially  the  s])U'en,  bone,  marrow,  and  lymphoid  tissues 
generally.  The  colls  forming  the  walls  of  the  |M)rtiU  vein  capillaries 
appeiir  to  absorb  the  jKirticles  directly  from  the  bloo<l  circulating 
through  them  and  become  deeply  loaded.  Other  fixed  cells  through- 
out the  body  also  become  pigmented,  but  they  seem  to  derive  the 
jwirticles  from  extnide<l  leucocytes. 

lu'fereiue  has  already  been  made  (vol.  i.  pp.  266,  293)  to  the  part 
living  cells  take  in  the  removal  of  efl'ete  tissues  such  a.s  the  larval  tail 
and  gills.  They  intussuscept  the  tissue  (b*bris  into  their  protoplasm 
whoso  juices  apparently  <lii:est  it. 

Similarly,  when  a  pure  culture  of  certain  micro-organisms  such  as 
the  tubercle  bacillus  is  injected  into  the  jugidar  vein  of  a  rabbit,  the 
h'Ucocvtes  throughout  the  lung  seem  to  have  absorlH»<l  the  whole  of  the 
bacilli  within  a  matter  of  from  ten  minutes  to  fourteen  hours.  Their 
distribution  in  the  leucocytes  throughout  the  ImkIv  is  more  general 
after  a  day.  In  the  <ase  of  the  tubercle  iMtcillus  the  leucocytes  which 
contain  them  all  <lie  an<l  degenenite. 

It  <loes  not  necessarily  follow,  however,  that  the  cell-host  always 
dies.  In  many  cases  what  ha]>pens  is  rather  that  the  intussu.<^repted 
niicmlM*  perishes  an<l  lKMonie«<  digested. 

Thc^e  observations  have  In'en  utilised  by  Metchnikotf  (see  Bibliog.) 
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explain  tht'  jTlaMicimt^n.i  of  immuinty  in  ojujositioii  to  the  cbenu'cal 
tieory  Just  descriliet]. 


.^^ 


) 


L 


V\u. 


The  niftiti  fa<!ts  of  Melclnnkotrs  tli**ory  ure  bneHy  aa  follows  (Xo.  ti,  1891,  i.  ]». 

13) :   -Wh*?ii  »  iniciO'Oi'gauisin  is  foiuid  within  a  living  eull,  its  |uu>s{igo  thilhei   lias 

K*i).  el!ecteil  hy  iiiovt-mfnts  eithir  on  the  puit  of  the  luiurohe  oi-  of  iIh'  cmU  \\mAi, 

\v  former  method  of  tranaf«reiiee  is  very  nire,  hut  there  is  evidence  of  it**  [mssihilily 

I  the  fdct  of  the  parasitCH  nf  nialaiiu  in varliji^^  tli*'  liu-niocytes  of  tlie  Idooti   Mure  cont- 

Tiiouly,  however,  the  traiibfeieDce  ih  effected  hy  the  inovements  ol*  the  ^A\  |jrotoj>k8Ui. 

I    Cells  which  devour  living  or  dead  jwirtieles  nre  known   as  phag^ocytes,  and   of 
Bell  the  fttna'biform  leuet>cyte  of  the  blood  and  lymph  is  the  nio.st  typical  exam  pit*, 
'lirre  are  vXm  cells,  sucl^  for  instance,  as  those  fomung  the  endotliehal  lining  of  tho 
|o<:Hl-vP86<5la,  which  diller  fioni  these  iu  being  fixed,  but  which  iKiverthelesa  nlnsorh 
kieigii  particles  of  different  kinds  M'ith 
vidity.      There  ure  thius  two  classea  of 
hftgocytc,  namely,  lixed  atml  free*     Not 
*all  leucficyteM  ftpfiear  to  havi*  a  ]>lnigoe3*tal 
ction.      Three  main   forrim  of  leucocytt? 
ay  lie  distinguished p  namely  :  (1;  tlif  so- 
»11h<1  lymphocytei  whicli  L*  characterised 
its  Htriail  si/e,  its  Urge  singk*  nuclens. 
He  snmll  amount  of  sun  on  riding  jrroto- 
^liuim,  and  by  the  fact  timt  it  is  iinmobik' 
id  not  phagoeytfth      Thi^  remiiiniiig  twi» 
brms  are  phagocytal,  namely  :  {*i)  the  large 
nicellidar     leucocyte    or    tXUicrophagef 
hose  nneleuii  is  5*ometimea  lobed  or  rcni- 
>nn,  which  stains  well  with  aniline  dyeM, 
*»ssea  much  [irotopliism,  and  is  endowed 
Hlh  active  uniiiboid  movementa  ;  and  (3) 
he  microphage,  a  ^mu 

ing  well,  b«t  either  nmltinnelear  or  with    Htfliu.     In  f  vnrioiiA  stani?**  mtf  *i!i'n,  the  Urjili 
[       one  nucleus  iu  |»roces.H  of  bn  aking  up.  i«««*itig  throtsK»»  tHaf  nf  «rauuiar  fuint  !*Uininjr 

■r  It  may  l»e  attirmed,  to  begin  with,  that    [" /'"^^  »r  vHcunl*te.l  unHUiucvl.  ui.til  nimUy 
^^K  ''     ^,  /       .  ,       *'HlinUuw»      ai-w    utomt    ohiif^rvahle   (Zeiss    A, 

^M«  »«<wv  maivpiaut  the  ^nicnt-vrgftntvni  fhr    yyuUr  3  ;  after  Mrtclmlkon*). 
^^fetr^r  I'j  its  prft^ncf  tfUhin  the  phffftjctjtc^. 

^^Bliusof  1^11  di^ases,  chicken  cholem  affecting  binlM  and  rahbitiit  hog  cholera  ^choleiu 

^Bbs  |»orcM)  given  to  pigeons  and  rabbiK  the  anthmx  of  mice  and  other  specmlly 

^^itnsitive    ariimalB,    the    jiepticeniie   vibrionenne   of  guinea-pigs  and    hittl*,   mn    a 

peculiarly  swift  course,  aJid  in  the  whole  of  tliem  it  is  quite  exce[>tional  to  find  the 

corresi»on<ling  bacteria  within  cells.     They  renuiin  free  hr^th  at  their  puint  of  intR)- 

duction  and  wlien  tliey  gain  ocecHS  to  the  bloorl. 

In  those  bactenal  fliseases  which  rnu  a  slovc  coiiriie,  on  the  eontrnry,  the  tiacteHa 
f  to  bv  found  either  iu  part  or  wltoliy  within  the  phagoeyt«>M,  Thus  tnherculohis, 
r»ro8y»  rhinnseleixjum,  and  glanders  rmi  a  ehronh'  counie,  and  in  all  of  them  the 
ecific  InK'teria  are  engulfed  by  pliagix*yti?>s* 

On  inoculating  an  Jinimal  refractory  to  a  laarticular  uiicrol^e  it  is  foimd  thut  the 
jastte  l>egins  to  develop,  but  that,  fi*oni  the  onset,  a  reaction  on  ifre  jwirt  of  the 
auism  shows  itmdf,  aceomfianied  by  a  considerable  emigration  of  leucocytes. 
be»e  aoon  envelop  the  bacteria  in  git'at  numbern.  He  explains  the  resistance  of 
I  animal  rendeitd  rt'fractory  artificially  hy  thi^  phagocytes  having  acquired  the  pro- 
Tty  of  seizing  upon  and  destTOying  the  oUending  {Kirticlei^. 


4*  —  PiiA<»ncVTE»,  M>i(aon«AOE  and 
MicnofKAtiK.  TO  jiuow  Htaorm  oir  l)jor.s- 
Ttton  Kn^  Demtrcctios  or  Hammj   pbom 

JSl'LKEX    AKEi    I':YF    UlMl'r.tTIVKLV    OK   WniTE 

Hat  witu  Antujux, 

hi  /  jwirt  nf  thf  bacilliii*  In  ioiAnwl^Hl,  hut  n 

vftCTiuk' bai*  formpilarouiiil  tJir- uUiri  |ittrl,  Mrliich 

form,  also  stani-    mrtlitn-  Imn  now  Umt  the  ptiw^r  of  iftklij^*  Lli«- 
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Thei-e  b  Ihus  n  imittriLl  enmity  bctwecu  phi^^yUt  Mid  microbM^  mad  Imvmg 
eome  iuto  ttcttutl  oonHki,  tlie  victory  in  usujilly  on  th<*  Mt^  of  iUv  phn^^cylr. 

It  ahould  be  mentioni'tl,  however,  timt  then;  arc  cimcth,  sueh  m  Uut  of  th4*  talko^ 
bacilhiji  injected  into  the  cirLnilatioii,  where  the  n?8iiU  U  diffeimt,  mud  when*  tL« 
(irotoplimin  of  the  phagix-yte  f«lli»  to  pi^.^.^m  Hntl  iiUc»ws  the  includ^l  litvilti  to  c^^jirf. 
Ht'  \ook&  uimn  the  giantcdh  of  tnli(:^it:ulosiA  a^  liugt*  phi^^ooyfe.  Tlie  d^vtrtirtion 
of  the  tiiWrcle  bfteilli  can  h<»  distinctly  traced  within  them.  The  bMMlli  iiwtU,  tb«ir 
enveloping  mcmbniue  l>oconip»  ruiich  thickrnrd  and  highly  rcfnu'tile,  And  in  tini«^Uie 
cotitentK  loHe  th«ir  iiowrrof  fixing  the  iht^tinitt^  ni«t(*riiiK  ho  tlut,  eventually.  tifvt)itir| 
\h  1*<rt  or  thfiii  hilt  A  coriglonk'rntL'  inniM  nf  slightly  y^lhtwisli  nhiiduwy  liodic«. 

The  iuv'fUiioii  of  the  organism  by  microbes  indiiee&  ni<>st  often  an  inltAnitiiAtonr 
re&ctioti  with  it«  nju»ociiitod  emi^riition  uf  leucocytes.  These  lencocyten  mnxt  iijun 
the  inyttfler^  And  dmtrtiy  them,  e»o  tliAt  he  in  led  t<»  Ailmit  thAt  the  Atftn\  i»f  phA|E«> 
cyte»  lo  the  invudod  ivgioii  and  thcii  livtctcHcidAl  proiicrtie*  hit  meehAuicm*  *»iiieii 
mm  to  wKpl  off  iKkctpiiAl  AttAc^k  mid  to  iiiAintjun  iluf  integrity  of  the  < 


<5' 


n»  «rii»w  m«iji»  or  Dkmtki  L-ruiN  or  liArtj44  hit  f*MAOncTrnBA 


liuteiilAtKiti  uf  '•-«| ;  (or,  i,  ^^  rmiti  (•>*  twwuty  mmrwu  lfi«i»A|li 

ItiticiiUtioii ;  ("  illli ;  (^i,  6S,  '  ['>:  lurirv  Aiul  ! 


But  it  nitiEit  be  renieniberefl  tliAt  where  the  phA^^ocytiSA  Aiipcmr  npoti  Uic  Ar»ti€  fo 
reUtivety  Urgt;  nuiiiU^ni,  And  even  include  the  uiicm-orgsniAUA,  the  tAtt«7  ifAin  %hr 
d«y  wh«oever  And  whcrernr  th«  phAgoeyten  atb  iriuAjiAble  of  d««trvyitig  tkam  iv  if 
|ir«v«lititlg  their  gtowth. 

CbimiotAadm.— In  this  WAr  between  the  orgAiii«m  and  bocteriA  Ati  ilii|MlfteAl  |«fi 
ii  pUytd  by  tiie  fwiiMtivenfuyn  of  the  i>tiA|{f»cytei>  to  iwt^rriMl  ioflaenoei,  And  Offwdally 
to  lb«  cheruicAl  conificnition  of  their  envirunniint.     The  r^iNtArcbw  of  PMfet  ^Ko. 
<f40,  L  p.  WS)  hAve  shown  tItAt  a  Aidution  of  niAlic  Acid  hai  tlie  p(rof«rty  of  a.ttnKl2isg  j 
tli«  MOtrnprntmB  of  fernn^  while  ^Accharooe  hAA  the  aAme  (lower  over  those  of  iniiwai 

M«MArt  And  Ikirdet  Allege  that  thf  |NiiAonoUJ«  product*  ievret^^t  v.v  i^i;.  •..f^^  v^trf 
4  lik*  Attrmctive  nway  or  *'  ]»o«itive  cddnttotAiift  "  over  l«iHHx?yt«i,  -u  wtik-li 

\mm  hten  eagerly  aeLzofl  upon  to  Account  for  the  phenomena  of  mu  ^  . -..  ,...*|(Q«<7liviA» 

Tlie  «ub«tan<ti  •>e<t;ret«^l  by  Itacteria  which  hAN  this  hidden  prD|iarty  It  ^itl  by 
Buohner  to  be  a  prot«idt  while  Koux  AUpfKi^aif  it  to  be  repre^entefl  in  tli«  |«iiaaiMi«ii 
toxinet  tec  re  tod  by   the  mierobeji.      On  the  other  luind,  it  Iiaa  Ijiwti  fotuid  lliAt 
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certain  Agents,  inch  as  liictic  acid,  bavi'  a  r(5|j€llaut   or   **  negative  cljiiiiiuUetic " 
ititiuorice  ujioti  kucocytc^. 

When  iipgjitive  chiniiota\iB  maniffsts  itself,  tlie  |»arasites,  being  shunned  by  tlie 
rliite  coi'piiSLdes,  fre*sly  propagate  t lit' nisei ves,  and  i[»duce  tlie  dentil  of  their  liost, 
(TcverthtjlesSj  this  chiiiiiutaJLiM  is  not  unimitable,  and  tbeeellscan  become  aecnstomed 
I  stibatances  from  which  they  shrank  at  first,  A  nejejative  may  thns  ho  traunfonned 
hto  a  iKMitivc  chimbtacttc  stjite.  Such  obtftins  in  acquired  inimiinity  ;  the  cells 
^hich  in  the  unvattdnated  animal  never  smzed  upon  the  liacteria  now  in  the 
«'inated  uke  them  up  readily. 
The  experiments  of  Everanl,  Demoor,  and  Mnaaart  (No.  423,  vii.  1893,  }\  1S5), 


Fin,  576»— Blood  ok  3Iot  sc  iLLr-*TKATi?fG  PHAi>rw^T:<iesirf  (lieck  |',.  Jioihi»k.  \nwL, 

T1(«'  Antrnal  ir«A  inociilaU"!  with  anthrait,  but  flW  not  die  fi>r  mnn^  i1«y*  nftJ^rwarilH.  Tho  blood 
ntatit^  tmrti  orgbinnrnw— antlimx  fttid  a  minute?  oblong  nxl.  Tbp  oblong  nwl  in  b^-ing  iDttisRUiiwptod 
r  the  blocMl  I«iicocyieA(GmMra  inetlKKt). 


nr©ov«r,  would  go  to  show  that  the  injection  of  microbic  cnlture*,  livijig  or  dead, 
riifU  to  canse  at  tirat  a  decrease  in  the  number  of  lpiieo<>yte.«?  eircnlating,  and  nbove  *ll, 
Mencocytea  with  polymorphic  nnclous  and  with  protoplaaniic  granules.  Wheu  the 
ntmal  resists  infection  there  foUow8  a  cunesjKmding  increase  in  their  numlier, 
ired  by  a  return  to  the  uorniaL  In  an  animal  winch  snccumba  to  infeetioii 
yperleueocytOiiiR  completely  fails. 
Tlie  leucocytes  of  a  vaccinated  anima!  diHcr  from  thoBe  ai  a  fresh  animal  not  only 
I  the  education  their  chiniio tactic  facnltiea  have  nudergone,  but  also  in  the  rapidity 
t  tlieir  development.  They  reach  the  adult  state  much  sooner,  andj  arrived  at  this, 
s  more  apt  ia  eiiglobing  microbes. 
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Such  Wing  a  brief  digt*»l  of  the  main  fnots  at  Mct^hiiikttti  ^  trin 
it  mny  be  asked  wlnttluT  it  is  sufliriont  u»  uucourit  ior  immunity  o^  wc 
now  uiulerslanil  it.  Pr<»viilc(t  tlutt  till  cunUiginus  iliseH'^ea  wi-n*  dxw  to 
tho  widL^-H|ire;ul  [leisfuiidity  oi  ilLseased  miiruljcs  there  might  l»c  (M»mc 
show  of  reason  for  accepting  it.  IJiit,  as  ilfmouHtmiiMi  i»f  Ulu,  we  ewi 
call  forth  all  the  symptom!*  of  a  rlist.visc  like  ictHTiiiii  by  intrudiu'ing  Uir 
lecretions  frotu  its  bueilltis  into  the  system,  and  what  ia  even  morv 
rcmiirkiihle,  the  sysUnn  in  coun;c  of  time  fortifies  itself  not  a«^nftt  thi* 
ji€tnul  Ii3icilhi8,  but  ngiwnst  the  t<)xint*s  s^ecrcted  by  it.  Moreover,  lht> 
*yinie  condition  of  innrinnity  may  be  excit^'d  H*;iiin»t  such  ptirply 
chemical  jsubstariees  us  ricin  antl  ubrin  (p.  10U2),  This  projjcriy  of 
immunity,  iurther,  is  resident  in  the  bIoiHl-«erum,  iind  can  In?  tmnifferrrd 
from  one  host  to  another. 

There  are  many  objections  to  this  phagocyte  ihoonr  which  must 
be  got  over  before  it  can  bo  acccptinl  by  those  not  wboUy  ffren  ovrr 
to  a  jmrtibimship  more  or  Icjs*  blind  to  its  many  defects. 

LiUraiurt  tm  immnnihj  frmn  IfiMOMt.—KhhOtVtl  !'m*'titioin<r,   civil  T^1*l.  ^ 

<15  :  a/«c»(Ki»vi»^w),  Mi«l.  X«'W'»,  I'hiln,,  lix*  \m\,  p,  534,    Ali-Cohext'<  -»i 

OiitrulbL  n  lUkU^iijI.  u,  l»rtnu*it.4»k.,  viii.  iHtiO.  p.  lilj      Arnold  i  F^  \t* 
ijIgCellrti:  Aivh.    f,    [mtli.    Anat.,   cxxxii.    \mz,   p.    60l\      B*ta -' 
ftliatOimique»  et  i»x]iM;rimctitAii>««  *wv  la  m(?tnntorj>lin64^  drs  amjihi' 
BAlirog^&rtea  i  J'haK«>(  vtf-   l)t»etriufi:   li^itr.   /,   patlu   Aunt,    u, 

188i>,  p.  a.     Behrin^::  Das  T.  tiiuiislu'ilH*MUui,  IH^lx  aim*  (N»i  .  n* 

ffrring  biiiiiufiity  ,  j\n;li.  1     PliVMiut.,    \m\  \k   »81,     Bitter:  /f  rt, 

1888,   pp.   21*0.   318.     Botyiduce  iUU»H|  Sorum  %\A   Niitiii.il   L       W  i\u 

Aniit.  II.  «,  ftllj?.  Path.,  xii.  l^.»"i  v»ii,  p.  35.1     Bneger  and  Ehrlich  tin  »*i 

finivtl  thtun^b  thr  Milk   :  iMit.  nu*tl.  WtM'huachi,,  xviji.  .I8i»:;,  p.  ai*;i  Bncgtft 

Kitasato,  and  Wassermaim:  Ztnilir.   f.   Hvg.  u.  htrrHttioiiHkntnk..  xn.  I8i*2.  |v 
137.      Brunton  :  l'.nt.    MrMl,    .lonm..   lai»3,  (,    p.    10.      R--*—   ---i    p^i---i^-- 
(liilhnnic»  «aMitMKil  CotisnitiiMi!^! :  IIHI.  M«<L  .loiirn 
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CHAPTER    XCV 
5MATK*  B ACTE R I OLOG V— (C'cwIiniiW) 

Thk  Organisms  or  SuppinunoN. 

115S«  Thebe   are    chiefly   staphylococci    and    0tr«pCocQOcj*     %  i 
Staphylococcus  (Ogeton)  is  nkeant  a  round  or^nism  whi^  teildt  to  { 

bt^cuiiic  ag^lumorated  into  little  biinch-ofgrapvs-like  masaoa  («rr«4b<*Jl^  1 1 
cluster  of  grapes,  and  kokko^  ii  kernel).     By  Streptococcus  is  iindri 
stood  a  like  round  organism  wbicb  ramified  in  chairiii,  the  one  member  ' 
adhering  to  the  other  ((rrparrov  or  trrpeirTo^  a  chain).      SontetUBfll 
these  round  organisms  are  arranged  in  couples  or  DiploCOCCi 

The  ciX't'i,  however,  nre  not  the  only  pyogenif  nij«tnl»ca  ;   there  i 
several  bacilli  which  are  similarly  endowed.     They  uscil  to  be  lool 
Upon  us  hnrmlcss  siii^rophytes.      Under  certain  circuniBtJUicea^liOi 
some  of  them  may  become  generators  of  pus. 

The  following  m^y  tn?  taken  as  the  moat  imjiortant  memben  ( 
cleft-fungi  having  pyogenic  proijerties: — 

Stajifiyl(*eor.tus  (Strfptococni^)  Pf^gmes  Jurinm, 

This  is  the  organism  which  |)erhups  is  commoner  than  mny  \ 
in  suppurating  parts.     Il  ijccurs  in  typical  bunch  of-grapea-tilce  mum 
(Fig.  577),  sometimes  in  the  form  of  chains.      It  is  most  abtuidaiii 
the  yellow  pus  of  acute  clostHl  absccs^vH,  and  in  fact  in  ptis  almfiat] 
from   whatever   source   derived  ;    it    i»   the   organism   which   is 
abundant  in  the  suppurating  marrow  of  acute  ost4H>myrlitij»,      Whm 
combiianl   with   staphlyococcus    p.    albuH  it  is  said   t4)  imlnci^f  n 
severe  inflammation  than  when  alone  (Wat^ion-Cbeynij,  Nc>,  (%i%  p.  i5)wJ 
Garre  (No.   11,  iii«   1^85,  p.    165)  found  it  in  the  blood  in  cmtm  ofl 
osteo-myelitis.     The  fre<juency  with  which  it  is  present  iit  ptta  i 
to  vary  with  the  locality.     Thus,  according  to  Levy  (No»   101,  xxbL 
1892,  p.  136),  it  is  not  so  common  in  absceaaoa  in  iStraaabur^  at  i^ 
Staphylococcus  pyogenea. 
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The  optimum  temperature  is  from  30  to  37'  C-,  but  it  also  grows, 
although  more  slowly,  at  temperatures  which  are  lower.  At  high 
temperatures  it  shows  within  twerity-f our  houns  as  a  faintly  o|j«it|ue 
line.  It  is  at  first  of  a  pale  yellow  tint,  but  as  the  area  of  the  culture 
increases  it  becomes  more  of  an  oraiige  yellow.  The  colour  shows 
best  against  a  black  background,  but  is  never  deep  orange.  When 
the  surface-growth  on  agar  has  developed  to  its  full  extent,  it  looks 
very  much  as  if  a  brush  dipped  in  pale  yellow  oil  paint  (Fig.  505)  had 
been  drawn  in  a  somewh.vt  sinuous  manner  over  the  surface  of  the 


(ITT. —Pus    FEUtM     AN     AJ!- 

fiichiitiX 


ii'HiM,   SxAPnvtococur   asd  Htreitococci,  .somk  tii-  thiem 
"11":;    iiiiin.  Beck.  Or.  No.  I  Hartk.»  lube  out;  Btahied  wittk 
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medium.     After  a  time  it  ceases  to  extend.      It  emits  n  peculiar  sour- 
milk-like  odciur. 

On  puncture  in  agar  the  growth  constittites  an  opaque  yellow 
column,  and  in  gelatine  it  scoops  out  a  cui>ola  of  h'lfuefaction  within 
irty -eight  hoiU's.  This  extends  rapidly  flownwards,  so  that  soon  the 
greater  |}art  of  the  eiedium  bccimies  li«jUefied  ;  the  li<iiud  has  a  pale 
yellow  colour.  It  grows  luxuriantly  on  iinuillini,  and  on  jiotato  spreads 
out  in  a  yellow  thick  hiyen  The  colotu-  is  developed  only  on  exiKjsure 
to  the  air.  It  grows  under  oil,  but  the  giowth  is  colourless.  The 
culture  retains  its  virulericy  for  long. 
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The  coccus  is  very  small,  about  0*9  to  1*2  /x  in  diameter,  and  the 
members  tend  to  hang  together  in  biuich-of -grapes-like  mames  or  like 
masses  of  fish  spawn.  It  has  a  fatal  action  on  rabbits  and  dogs  when 
injected  into  a  joint  such  as  the  knee  or  into  the  pleural  cavity. 
The  fatal  result  usually  ensues  in  rabbits  within  twenty-four  hours. 
If  they  survive,  severe  inflammation  sets  in.  It  does  not  cause 
putrefaction,  nor  is  its  growth  accompanied  by  the  evolution  of  gas. 

It  colours  with  different  staining  reagents,  and  is  not  decolorised 
by  Gram's  method. 

Staphijlococats  (Streptococcus)  Pyogmes  Albm. 

Kosenbach  (No.  582,  1886,  p.  405)  describes  this  as  growing 
luxuriantly  on  agar  in  white  masses.  After  a  time  the  culture  dries 
up  and  can  be  with  difficulty  inoculated  on  a  fresh  tube ;  but  in  flasks 
devoid  of  air  it  may  be  preserved  in  an  active  state  for  years.  Gela- 
tine l)ecome8  rapidly  liquefied  by  it,  and  the  liquid  is  aJways  milky, 
never  yellow.  It  does  not  grow  so  well  on  agar  as  the  aureus.  Micro- 
scopically it  cannot  ])e  distinguished  from  the  aureus.  Its  pathogenic 
action  is  also  similar. 

Next  to  Staphylococcus  p.  aureus  it  is  said  to  be  the  commonest 
organism  of  suppuration. 

StirptocfH^Cfis  Pt/Of/enes. 

This  is  a   very  common  organism  of  pus.     It  is  found  in  acute 
abscesses  and  takes  the  form  of  chains  or  zoogla»a.     It  is  from  0  8  to 
1  /A  in  diameter.     ^Vh^Ml  st^iined  it  is  not  decolorised 
'^;y•*••  "^         by  Gram's  process.     On  gelatine  it  forms  whitish 
*•'  J)  ^  ^•^.     round  spots  of  the  size  of  small  grains  of  sand.      It 
*•'      v"^**      grows  sparingly  and  very  slowly  on  this  me<lium, 
^'**>  /'^  ^,/,-  jiiul  does  not   liquefy  it.       On  agar  its  growth  is 

\,'        y       more  active.     The  best  temperature  is  from  35    to 
'^«' ••..•••fj   ,•%•        .37    (A      It  still  has  the  siinie  tendency  to  develop  in 
•r**  "     *        ])oints,  each  iibout  the  size  of  a  pin's  head.      Sown 
K,,..    ,:s._(;t  iTi  Ki;  OK   ill  ;i   line   the  bulk    of    the  growth   maintains   thi« 
MK»:i^T.««K.«s  i^o-   ^,j|j^|..j^.|^,.^  ],„^^  here  and  there  it  shows  a  tendency  to 
iiiiii..  n.rk.  <>«.  No.  4   break  oft'  into  the  above-mentioned  little  specks  or 
Hank:  stain.Hi  with   j^jj^ts.     As  tiuic  gocs  Oil   thc  cdgcs  of  the  line  lie- 
come   thickened   so  as  to  constitute  a  terrace-like 
border  on  each  side.      It  increases  so  slowly  that  even  after  a  roattor 
of  weeks  the  streak  may  not  be  more  than  from  two  to  three  mm. 
wi<le.      It  may  have  a  brownish  colour.      It  will  also  grow  on  blood- 
serum. 

lioscnbiich  found  it  in  eleven  out  of  twenty-six  cases  of  unopened 
abscesses,  and  thrice  along  with  staphylococcus  p.  aureus.     Passet  even 


Fig.  503. — Oidium  albicans.  Surface-culture  on  peptone-gelatine. 
It  shows  tlie  peculiar  characteristics  of  a  mould  colony,  namely,  a 
central  dense  part  with  numerous  root-like  offshoots  emanating  from 
the  margin. 

Fig.  504. — Bacillus  of  Anthrax.  Puncture-culture  on  peptone- 
agar.  A  gray  film  overspreads  the  surface.  The  line  of  puncture  is 
well  marked,  while  from  it  multitudes  of  anns  or  processes  radiaU^ 
into  the  surrounding  medium. 

Fig.  505. — Staphylococcus  pyogenes  aureus.  Surface-culture 
on  peptone-agar.  The  growth  closely  resembles  a  flake  of  yellow  oil- 
paint  drawn  in  a  sinuous  manner  over  the  sui'face. 

Fig.  506.-»-Bacillu8  op  Glanders.  Surface-culture  on  potato. 
Grows  as  a  slimy  deposit  which  has  a  brownish-yellow  colour. 

Fig.  507. — Bacillus  of  Glanders.  Surface-culture  on  peptone- 
gelatine.  The  growth  has  a  honey-like  consistence  and  colour,  and  is 
perfectly  homogeneous.  It  sx)reads  out  in  spatula  form  at  the  lowest 
extremity  and  is  pointed  above. 
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alleges  that  it  is  commoner  in  abscesses  than  the  Staphylococcus  p. 
aureus.  It  has  been  found  also  in  the  vegetations  of  malignant 
endocarditis  and  in  osteo-myelitis  (Krause  and  Becker).  It  is  said 
by  Passet  to  withstand  a  boiling  temperature.  It  has  the  property  of 
inducing  abscesses  when  injected  subcutaneously  or  into  various  organs. 

This  organism,  as  before  remarked  (p.  876),  appears  to  be  identical 
with  the  streptococcus  of  erysipelas. 

On  fiu-ther  growth  a  second  terrace-like  elevation  rises  up  outside 
the  first,  but  somewhat  flatter.  The  growth  is  throughout  slow,  and 
it  does  not  liquefy  the  gelatine  basis.  It,  however,  quickly  breaks  up 
beef  and  egg  albumin  in  airless  chambers  without  production  of  foul 
smell  or  of  any  marked  amount  of  gas. 

Rabbits  are  not  much  affected  by  it  beyond  its  inducing  a  localised 
inflammatory  nodule  or  abscess.  Mice  are  more  susceptible ;  it  often 
proves  fatal  when  inoculated  subcutaneously  in  them. 

All  these  may  be  found  in  unopened  abscesses. 

Micrococcus  Pyorjenes  Tenuis. 

The  term  was  applied  by  Roseubach  to  this  somewhat  rare  microbe  on  account  of 
the  delicacy  of  its  colonies.  The  cocci  lie  together  in  small  numbers  ;  they  are  not 
arranged  in  groups.  Surface  cultivations  on  as^r  ])roduce  a  thin  film  almost  as 
transparent  as  glass  or  thin  varnish,  with  a  dark  central  streak  corresponding  to  the 
needle  track.  The  individual  micrococci  are  somewhat  larger  than  the  staphylococcus 
aureus  or  albus,  and  often  show  two  dark  stained  poles  with  less  stained  material 
between  them.     The  organism  appears  to  have  only  local  pus-forming  properties. 

Staphylococcus  Pyogenes  Citreus,  Staphylococcus  Cereus  Alhus  and  Flams, 

These  appear  to  be  of  little  im()ortance.  In  fact,  the  last  two  do  not  seem  them- 
selves to  cause  suppuration,  but  merely  to  accompany  it. 

Micrococcus  Tetragenus. 

This  has  been  found  in  pus  several  times.  It  is  pathogenic  for  mice  and  guinea- 
pigs,  but  it  is  questionable  whether  it  has  pyogenic  properties.  ( For  further  particulars 
see  Sect.  1150.) 

Bacillus  Pyogenes  Fatidus. 

Discovered  by  Passet  (No.  11,  iii.  1885,  p.  68)  in  an  abscess  in  the  neighbourhood 
of  the  anus  (Na  650,  p.  51),  it  is  generally  associated  with  other  organisms  of  sup- 
puration. Krynski  (ref.  in  No.  651,  i.  1890,  p.  744  ;  orig.  in  Polish)  comes  to  the 
conclusion  that  it  can  excite  suppuration  in  healthy  tissues. 

Bacillus  Intracellularis  Meningitidis. 

Neumann  and  SchafTer  (No.  13.  cix.  1887,  p.  477)  have  isolated  a  bacillus  from 
the  exudate  of  purulent ;  meningitis  which  apparently  belongs  to  the  pyogenic 
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organisms.  Its  caltures  are  very  much  like  those  of  typhoid.  Weichselbaoin  (No.  11, 
T.  1887,  p.  573)  found  it  in  six  cases  of  cerebro-spinal  meningitis.  It  often  takes 
the  form  of  diplococci,  and  in  sections  of  the  spinal  cord  is  found  within  the  nerre 
cells.  It  colours  with  Loeffler's  methylene  blue,  and  decolorises  by  Gram's  method. 
Dogs  inoculated  on  the  dura  mater  with  the  organism  die  from  pAchymeniogitia. 


Oaiiococcas. 

The  properties  of  this  organism  as  an  exciter  of  catarrhal  suppuration  are  no- 
doubted.     The  organism,  however,  has  already  been  described  (p.  868). 

Among  the  pyogenic  hadUi  the  following  may  also  be  mentioned  : — 

Bacillus  of  Typhoul  Fever, 

In  (teriosteitis,  pleurisy,  etc.,  following  typhoid  the  characteristic  organism  has 
been  found,  and  the  general  impression  is  that  it  is  capable  of  exciting  the 
suppuration  accompanying  those  conditions  (see  Typhoid^  Sect  860). 

Bacillus  Pyocyanfus, 

This  is  the  organism  of  blue  pus.  It  is  questionable  whether  it  is  poaaeawd  of 
pyogenic  properties.  The  general  opinion  is  that  it  is  not  The  fact  that  it  is  m 
often  associated  with  suppurations  is  sufficient  excuse  for  describing  it  under  the 
present  heading. 

It  is  even  said  by  some  authors  that  it  is  not  pathogenic  With  this  Charrio 
(No.  641,  p.  25)  cannot  agree.  By  passing  the  organism  several  times  through  the 
boily  of  the  rabbit  it  acquires  charecten  which  are  decidedly  i»athogenie,  and  which 
fre<iuently  end  in  death.  Acconling  to  the  quality  and  quantity  of  the  virus  injected 
the  disease  induced  by  it  may  assume  an  acute  or  a  chronic  tyi>e.  In  the  very  acute 
tyi)e8  the  symptoms  are  those  of  Ions  of  apitetite,  somnolence,  and  often,  at  the  cloae. 
convulsions,  together  with  fever,  diarrha'a,  and  albuminuria.  It  never  seems,  how- 
ever, to  induce  blue  suppuration.  In  less  severe  forms,  among  other  phenomena, 
there  is  motor  paralysis.  It  aii^K'srs  to  l)e  jiathogenic  for  a  number  of  animaU 
whose  temperature  is  widely  diffei-ent,  such  as  the  pigeon,  rabbit,  guinea-pig,  and 
frog. 

It  is  coni]K>8ed  of  short  rods  from  1  m  to  1  '5  m  hmj?  by  0*6  m  broad.  So  short  is  it 
that  it  is  often  mistaken  for  a  micrococcus.  It  is  groujted  in  chains,  in  tm*oa  and 
threes,  or  in  little  hea]i8. 

In  bouillon  it  is  very  motile.  On  tLgmx  it  fonns  a  tilm  on  the  surface,  the  blue- 
green  fluorescent  colouring  matter  underneath.  On  potato  the  growth  has  a  brown 
colour  and  a  mucous  consistence.  If  the  deejiest  part  of  the  culture  is  expoMetl  to  air 
it  becomes  green.  The  green  colour  is  encouraged  by  alkalinity  of  the  basis  ;  an  acid 
reaction  causes  it  to  assume  more  of  a  red  tint,  which  in  course  of  time  becomes 
brownish  red.  On  milk  it  tirst  precipitates  the  casein,  then  dissolves  it,  and  in  doing 
so  disiMigages  ammoniiu  When  this  hap]H>ns,  the  milk  l)ecomes  blue-green  in  colour. 
Punctun*  cultUH's  on  gelatine  l»egin  to  liquefy  the  medium  in  forty-eight  houra.  In 
the  courm*  of  eight  dayh  a  cuix^la  of  liijuefaction  has  developed  at  the  upper  end  of 
thr  track. 

Charrin  states  (No.  U41,  p.  13)  that  it  develo{>s  arthrospores.  The  contents  of 
the  bacilli  become  con<iensed  in  one  or  two  globules  around  which  the  envelo|rtng 
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membrane  thickens.  These  condensed  parts  become,  so  to  speak,  encysted  cells  or 
arthrospores.  Their  resistance  to  heat  and  to  colouring  matters  is  greater  than  that 
of  the  bacilli  themselves. 

It  grows  without  air,  but  under  such  circumstances  fails  to  secrete  the  character- 
istic colouiing  matter  (see  Sect.  1114). 

Lastly,  it  should  be  mentioned  that  it  does  not  grow  on  pus  alone  ;  it  has  been 
found  in  the  sweat  of  an  individual  suffering  from  tetanus,  and  imparting  to  it  the 
blue  colour. 

Bacillus  Septkus  Vesica. 

This  organism  was  found  by  Clado  in  persons  suffering  from  pyo-nephritis  and 
cystitis.  It  is  a  motile  rod  which  is  not  decolorised  by  Gram's  process.  It  does 
not  liquefy  gelatine,  and  in  a  plate  culture  develops  punctiform  colonies  which 
remain  very  small.  On  agar  there  fhows  a  delicate  film,  and  upon  this  numbers  of 
milk-white  colonies  develop.  Both  gelatine  and  agar  rapidly  become  alkaline.  It 
grows  readily  in  bouillon.     On  potato  it  forms  a  dry  light-brown  layer. 


UrobacUlMS  Liqiiefadens  Septicus. 

This  also  is  found  in  tlie  pus  of  pyo-nephritis  and  cystitis.  The  rods  are  short 
and  motile,  with  rounded  ends.  They  liquefy  gelatine,  and  are  decolorised  by 
Oram's  method.  One  distinctive  feature  of  the  growth  is  the  occurrence  of  a  nodule 
in  the  centre  of  the  liquefied  gelatine,  the  size  of  a  hemp  seed,  and  with  fringed  or 
frayed  margins.  On  agar  the  organism  spreads  out  in  a  grayish-white,  smooth 
pellicle.     Ammonia  is  evolved  from  the  cultures  with  a  smell  of  decomposed  urine. 


Inoculation  of  Pyogenic  Organisms  on  Man. 

1134.  Not  only  has  the  pyogenetic  power  of  these  organisms 
been  proven  experimentally  in  animals,  but  similar  proof  of  it  has 
been  forthcoming  in  Man.  By  personal  inoculation  Bockhardt  has 
shown  that  an  admixture  of  staphylococcus  p.  aureus  and  albus  intro- 
duced into  the  skin  of  the  finger  is  capable  of  forming  an  abscess 
within  forty-eight  hours.  In  the  pus  of  the  abscess  the  aureus  was 
again  found. 

A  common  form  of  infection  from  the  cadaver  is  that  of  an  erup- 
tion of  a  number  of  small  fiu-uneuli  on  the  infected  parts.  They 
appear  in  from  twenty-four  to  thirty-six  hours  after  exposure  to  the 
poison.  Garr^  has  induced  a  similar  eruption  on  the  arm  by  rubbing 
in  a  pure  culture  of  staphylococcus  p.  aureus.  The  pustules  usually 
fade  after  a  few  days,  while  in  some  cases  they  assume  almost  car- 
buncle-like characters.  The  latter  was  the  history  of  (Jarre's  self- 
imposed  experiment  The  inflammation  around  the  pustules  became 
so  extreme  that  they  developed  into  bodies  having  quite  the  characters 
of  huge  carbuncles.  Where  there  is  no  actual  abrasion  or  wound  of 
the  surface  the  poison  finds  entrance  apparently  by  the  sweat  glands, 
sebaceous  glands,  and  hair  follicles. 
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The  Hfjjitionship  of  thk  Mu  RO-oiusANtsMS  ok  Pi'» 

TO   SltPPURATtOK. 

1135,  This  subject  has  alrcudy  ht>on  referred  to  (vol  L  p.  2( 
III  ftdtlition  it  tnjiy  l>e  remiirkod  that  Huelera  onginal  dogum  of 
suppumtioii  without  micro-organisms"  has  met  with  pretty  gesnetml 
acceptance  of  late  years,  although  requii'ing  to  be  limited  in  aome 
respects.  Ogstofi's  observations  (see  Bibliog.)  go  to  »up[x»n  the  view 
that  whereas  the  pus  of  acute  and  py»mic  ahscessos  always  contwii 
microphytei^t  that  of  chronic  cold  abscesses  usually  dcH's  not  The  pu* 
of  the  foi^mer  is  eminently  harmful  when  introduced  in  sulficieal 
qujintity  into  the  circuhition  of  animals,  and  this  Imrmftduess  is  \xml 
when  the  organisms  contained  in  the  pus  are  destroyed  by  bait  or 
carbolic  acid. 

Like  most  people,  however,  Ogston  does  not  absolutely  deny  tlttt 
suppuration  may  occur  in  the  nbscnce  of  such  mj€ro-oi^guiiil]l%  afid 
this  is  the  tendency  which  upininn  of  late  years  has  takoiL  8teill]ttai» 
for  instance  (No.  643,  p.  174),  after  much  exj>€nmental  invcstigittioii, 
hiis  come  to  the  conclusion  that  purely  chemical  substances  in  properly 
constituted  animals,  and  in  proper  doses,  may  induce  a  suppuration 
even  when  they  are  quite  sterile,  A  great  deal  seems  to  defjend  Ujioii 
the  animal  em]iloyed.  Substances  secreted  by  Viacteria  and  freed 
from  the  bacteria  themselves  are  highly  pyogenic. 

It  may  be  mentioned  in  this  connection  that  chTonie  abeefiiie  wtt 
often  of  tubercular  origiti,  and  spring  from  tubercular  bone.  Tbe 
discharge  from  such,  although  it  may  not  contain  ordinary  pyugefeac 
orguikiiiSi  does  contain  very  fre<|uently  the  bacillus  of  tuberclcu 
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1136.  According  to  Watson-Cheyne  (No.  641,  p.  99)  jpf ogenk 
organisms  are  very  rarely  [iresent  in  puti^fyitig  fluids.  They  are 
sometimes  present  in  the  superficial  layers  of  the  soil  One  of  the 
commonest  seats  outside  the  body  is  the  skin,  especially  where  it  ie 
moist,  asy  for  example,  in  the  axill«(,  between  the  natea,  betweu  llw 
toeSf  etc  They  are  also  frequently  present  on  the  hair  and  in  die 
dirt  beneath  the  nails.  In  the  pharynx  and  in  nasal  mucns  ibey 
have  been  found  even  when  these  are  hcaltliy. 

They  enter  wounds  chieHy  by  cxt<*ntling  inwanls  under  the  drew- 
ings  frtmi  the  adjacent  contamiriatiHl  skin.  The  dead  t*pi<iennis  at  the 
•idee  of  stich  wounds  it*  a  soil  u|K>n  which  they  readily  flourish.  Thry 
epiparently  but  seldom  full  into  the  wound  from  the  air.  The  batitk 
of  tbe  surgeon  or  of  his  assiMtant^  are  no  doubt  a  ready  meftos  of  eon* 
veying  them  to  fresh  wounds.  And  not  only  so,  but  articles  of  eoa- 
stant  tise  in  a  ward  or  other  sick  chaml^er  arc  liable  to  be  OMiral 
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with  them  through  the  hands  of  those  engaged  in  dressing.  From 
these  articles  they  may  easily  find  access  to  wounds  as  yet  uncon- 
taminated. 

Formation  of  an  Abscess, 

1137.  When  suppurative  cocci  are  introduced  into  the  tissues  of 
a  living  animal  they  soon  begin  to  fructify  in  the  part.  Around  them 
the  tissues  assume  a  somewhat  homogeneous  appearance,  and  are 
e^^dently  dead  or  dying.  This  is  probably  the  result  of  the  caustic 
action  of  their  chemical  products.  The  state  of  the  part  resembles  that 
of  the  cornea  when  touched  with  a  point  of  nitrate  of  silver.  Outside 
this  dead  area  there  forms,  after  a  day  or  two,  a  dense  ring  or  barrier 
of  small  round  cells,  which,  it  is  alleged,  acts  as  a  defence  against  the 
cocci  spreading  diffusely.  The  small  round  cells  behave  like  the  cells 
of  ordinary  granulation  tissue.  The  dead  area  next  becomes  pene- 
trated by  the  cocci  on  the  one  hand,  and  by  the  small  round  cells  on 
the  other.  Its  tissues  dissolve,  or  at  least  soften,  probably  by  the 
action  of  the  enzymes  secreted  by  the  cocci,  and  soon  a  central  core 
or  slough  of  the  part  results.  The  small  round  cells  form  the  pus, 
and  in  an  ordinary  furunculus,  for  example,  these  and  the  central 
dead  core  are  voided  when  the  abscess  is  opened. 

Strangles. — By  this  is  meant  a  disease  of  the  horse  characterised 
by  the  occurrence  of  abscesses  in  the  lymphatic  glands  of  the  sub- 
maxillary, sub-parotidean,  and  retropharyngeal  regions.  Not  only  a 
set  of  glands,  but  the  surrounding  tissues  for  some  distance  may  be 
involved  in  the  suppuration.  In  some  cases  the  abscesses  may  be  the 
size  of  the  fist,  in  others  the  glands  become  enlarged,  but  suppurate 
only  in  parts.  Schiitz  (No.  652,  xiv.  Heft  3 ;  Eng.  transL,  No.  445, 
i.  1888,  p.  191)  has  isolated  what  appears  to  be  a  specific  strepto- 
coccus from  the  pus. 

Pyemia  and  Pyogenic  Organisms. 

1138.  This  subject  has  already  been  discussed  (vol.  i.  p.  677). 
It  may  just  further  be  remarked  that  it  is  doubtful  if  acute  pyaemic 
abscesses  are  the  result  of  the  organisms  of  suppuration  circulating  free 
in  the  blood.  We  know  that  they  may  be  present  in  great  numbers 
in  the  blood  >vithout  giving  rise  to  abscesses.  They  are  evidently  much 
more  likely  to  excite  an  acute  abscess  when  attached  to  fragments  of 
clot  or  other  dead  tissue.  One  notorious  cause  of  pyaemia  is  the 
occurrence  of  suppuration  within  a  clot  in  a  vein,  and  the  transporta- 
tion of  its  fragments  to  a  distance  by  the  blood-stream.  Possibly  the 
explanation  is  that  the  emlx)lus,  by  containing  a  large  quantity  of  a 
particular  organism,  offers  features  more  difficult  to  be  combated  by 
the  tissues  than  when  the  warfare  is  carried  on  against  the  same 
noxious  agent  singly  and  individually. 
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It  IB  othorwise^  however,  when  a  tbwue  or  organ  i>  u,  ikrfi-l  tf  r  i 
any  can ge.     Then  the  organisms  circulating  in  ihv  l»]o. h]   r:i?i   ..,-; 
overoonie  it^  fot^bk  jKiwers  of  reaktance,  and  an  abdcees  or  a  sene*  id 
abscesses  follows. 

When  pus  cont^iirung  the  organisms  of  suppuration  is  injected  intu 
the  circulatioti,  or  even  into  the  iKnitoneum  (Ug»t<in)  in  enndl  ijitantitr, 
it  may  not  leiul  to  any  harmful  result.  Not  }»eing  in  nverwhelmlng 
(piuntity,  the  organisms  am  Ini  overeome  by  the  bhKRl  phagiKViea,  or 
may  in  jvart  be  eliminated  by  the  kidney.  Schweizer  (No.  13,  ex, 
1887,  p.  2r»r>)  found  that  when  a  greerj  coloured  organism,  with  which 
he  experiment<?d,  wu»  injected  int^>  the  renal  artery,  it  was  ihromi  out 
reatlily  in  the  unne.  How  they  manage  to  para  the  renal  capillarm 
has  not  been  thoroughly  ex  plaints  I, 

The  blood'Senim  of  patients  sutfering  from  suppuration,  acoorcUng 
to  Nis8en  (No.  VJ,  18ii2,  i,  Ak  2,  p.  275),  is  jjoisonous  to  mice  whm 
injected  into  the  jugular  vein,  while  normal  serum  ha$  no  e^ecL 


Septicemia. 

1 1 30.  The  literal  meaning  of  the  word  is  that  of  ^'  putrefyi 
blood  **  {fnjTTtKm^  putrefying,  and  ru/^u,  blood),  or  a  condition  in  v ' 
putrefying  matter  has  been  intrtnluced  into  the  blood.  As 
knowledge  of  the  |>oisi>n8  fabriciited  by  micro-organisms  l>ccame  more 
and  more  swlvanced  the  idea  entertainetl  by  surgeons  was  that  pya'mia 
represented  a  state  of  Ixdy  in  which  the  organisms  of  putrefaction  wcfV 
themselves  taken  up  from  an  open  wound  or  other  sfiurce  of  ciintamiiyh 
tion.  It  w*a8  supi^nmeil  that  they  circulated  in  the  blootl,  and  gpvt 
rise  to  ikh§cm»e%  wherever  they  alighted,  ^cpticaniia,  on  the  ochrr 
hand,  wa»  held  to  be  a  morbid  state  of  1x)dy  intluceil  l>y  the  al»arp^ 
tjon  not  of  the  organisms^  but  of  the  poisons  formed  by  theOL 
And  the  genend  character  of  the  disease  favotircd  this  idea.  The 
affected  individual  was  sutTcring  from  an  open  wound  or,  it  might  be* 
%rsa  a  woman  lately  delivered  of  a  child.  The  wuumi  liatl  [iittrollid 
or  a  similar  state  of  matters  was  present  in  the  lm!hial  dim^bsi^got. 
Feverish  symptoms,  untb  vunuting  and  diarrho-a,  set  in  and  thr 
flUfierer  died.  After  death  no  [MirtiLuhir  lecf^ion  was  to  lie  seen,  with 
the  exception  perhaps  of  punctiform  haemorrhages  in  the  aenms 
membranes  and  elsewhere.  There  was  an  absence  of  pyspmic  abecoMei^ 
an  absence  potsibly  even  of  flight  plcunny  or  peritonitis.  The 
of  death  certainly  was  not  ap{vLiTnt,  and  it  was  supfiosiHi  that  it  rwiflefl 
in  the  alisoqition  of  the  j poisons  geneiTitr<i  in  the  wound. 

Septicemia  of  Mice. — In  studying  this  subject  experitnentally, 
it  wa*  fonnti  by  Koch  (No.  653)  that,  if  a  comjKiratively  large  c|uatttitr 
of  a  putrid  fluid  is  inject4?d  under  the  skin  of  a  motise,  the  animal  diei 
within  a  few  hours,  apparently  from  the  quantity  of  toxic  prodiida 
injected. 
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If,  however,  only  a  few  drops  of  such  ptitrid  fluid  are  employed, 

the  quantity  of  toxine  is  not  sufficient  to  kill  the  animal  at  once.     In 

a  large  proportion  of  cases,  however,  the  arumal  contmcts  a  bacillary 

disease,  sho\^'itig  its  first  symptoms  generally  after  twerity-foui"  hours, 

and  ilies  within  from  forty  to  sixty  hours  after  inoculation.     The  siime 

disease  can  he  iirojjagatwl,  over  and  over  again,  in  fresh  hosts  from  the 

blood  of  the  already  aflVcted.     There  is  thus  estahlishetl  a  distjase  in 

mice  characterise*!  by  the  presence  within  the  blooil  of  a  short  rod 

('S  to   1  ft  long,  antlj  approximately,  *I   to  *2  ;i  broad),  and  to   this 

I  disease  Koch  applied  the  mimi^  Sffik^mifi  of  mhr.     The  organism  is 

'  generally  known  as  IUt*iIhfs  murL^*^/4irti.<,     It  is  immobile  and  retains  its 

stain  by  * Jrams  process.     It  does  not  liquefy  gelatine, 

Held-mice  and  guine^i-pigs  are  immune. 

Septicaemia  of  Rabbits. — Similarly,  when  (p.  53)  he  injecte*! 
putrid  fluids  beneath  the  skin  of  rabbits,  they  gave  rise  to  a  local 
putrid  siqijnirat inn  of  the  part,  and  the  animal  died  in  about  three  days 
aufl  a  half,  with  its  lilootl  teeming  in  this  instance  with  what  he 
described  at  that  time  as  an  oval  micrococcus.  This  disease  could  also 
be  transmitted  from  one  animal  to  another.  The  so-cjtlled  coccus  was 
named  by  Koch  the  Miaoajcnts  of  ScjdifU^mki  of  liMitii, 

Since  then  it  has  been  found  that  this  organism  is  a  minute  real, 
and  that  it  is  itlentical  with  what  have  been  described  variously  as  the 
bacilhi8  of  fowl  cholera,  an  orgsudsm  obtained  by  Gaftky  (No.  44,  i.) 
from  the  water  of  tlic  river  Fanke,  and  the  organism  of  what  is  known 
iis  Da%*aines  septiciemia  (No.  153,  1K72,  1873).  It  also  appeal's  to 
be  identical  with  the  organism  of  the  diseases  of  animals  known  in 
Germany  as  ffllfJ'  and  Rmfcrsettcke.  Accordingly,  at  the  present 
time,  it  is  customary  to  look  ujion  the  diseases  in  which  it  plays  the 
.essential  part  as  of  the  same  natuiej  arid  to  include  them  under  the 
'generic  term  of  Septicsemia  hemorrhagica,  the  organism  being 
known  as  Bacillus  septicsemiae  haemorrhagicae. 

This  organism  is  widely  disseminated  in  nature  and  enters  into  most 
putrefactive  Hrpdil^.  *  hi  accurate  measurement  it  proves  to  l»e  from 
1*4  /x  long  by  0*G  to  0  7  fi  broad,  with  round  ends,  and  with  this 
peculiarity  that^  w^hen  stitined,  the  colouring  matter  fixes  itself  upon 
each  end,  and  on  superficial  examination  gives  rise  to  the  appearance 
of  two  cocci  held  together.  Pasteur  indeed  described  it  in  fowl  cholera 
|fte  a  diiilcK^occns. 

It  grows  reiidily  on  different  media,  and  can  Im?  inoculated  easily 
upon  various  animals  such  as  the  chicken,  pigeon,  pheasant,  rabbit, 
mouse,  pig,  and  deer. 

Whether  it  ever  grows  upon  the  blood  of  Man  is  unsettled. 
Indeed  we  are  peculiarly  ignorant  of  what  the  organisms  are  which 
grow  on  the  IjIooiI  of  Man  as  a  result  of  putrefactioiL  We  know  what 
those  are  which  accompany  suppuration,  but  suppuration  is  not 
necessarily  synonymous  with  putrefaction.  Those  t>rganisms  which  are 
the  chief  cause  of  sujipuration  do  not  occasion  putrefaction.     Whether 
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there  are  diseases  in  Miui  which  correspjiid  with  those  of  the  *»  .m- 
rtiid  rnhhit  jiist  referred  to  is  !i8  yet  uniiBferliuiied. 

In  two  ta»ej»  of  |nK*q>eiiil  fever  Doli-ris  found  that  the  blo*xl  wa* 
free  from  organidms  until  just  before  death.  He  found  further  that, 
on  their  ii|>|iearance,  they  were  of  tliH'erent  kindn,  and  that  a  coiitfljuil 
and  abundant  siupply  of  them  in  the  wound  or  other  sourrp  of  infec- 
tion renders  the  ehance  of  their  becoming  acelimatt«e<l  u|ion  ihi!  bkioil 
greater  than  where  the  supply  is  small. 

The  le.sHijn  therefore  Xaj  be  derived  from  these  exjierimeiittt  w  Umt 
putrid  lluid^  can  and  do  confer  S|ieettie  microb^d  diseu^e^  upijii  JiniDUih» 
the  |mrticuh*r  animal  picking  up  from  the  many  organisms  gro»wing 
in  the  putrefying  jmrt  the  one  which  ginjws  most  re^idily  upon  iti 
blood.  80  far  m  our  knowledge  goe^,  therefore^  we  are  entitled  to 
define  scptic/emia  as  a  daKs  of  disensea  imiuml  pnnuirUtt  hif  puirffttrliH 
litiMui,i  in  whiek  diflrmit  innjanifany  arr  npfiroitnaietl  Ay  difffrnut  httsU  <mw/ 
livr  iifttm  the  Uotui  of  thf  host.  They  do  not  usually  give  rise  lu  nuppujii' 
lion,  but  prove  fatul  proliwbly  through  the  toxic  product**  secreted  by 
them, 

Su\rii.KMIA   (crairpi^^  TuUel^  or  dend). 

1140.   It  is  possible,  however,  that  before  the  or|j;anism8  growinip 
the  putrefactive  focus  have  fouiitl  their  way  into  the  bltMj<J,  the  H\*Btem 
may  have  become  poisonetl  by  the  toxines  secreted  by  them. 

We  krnjw  that  cerUun  of  the  organism*  which  iire  comaionett  in 
putrefactive  )ii|iudHT  i^^ch  as  |jrotcu»,  »ccrcte  violent  jxii^ons  (HattMTt 
No.  649),  and  there  seems  good  reas<jn  foi'  lx?iieving  that  these  maybe 
absortied  and  give  rise  to  a  fatal  discjise  without  the  organismt  whicii 
are  the  soiu-ce  of  the  juiison  being  spread  bri^iMlcji^t  throughout  thit 
•jTBlcm.  We  have  anahjgotis  iusuuices  of  this  in  the  co^  of  tetanus 
and  diphtheria,  Orje  of  thtse  jioisonss,  luimely  sepstH,  developt  to 
putrefying  bli>o<!,  Wlien  injected  inti»  the  jugular  vein  of  the  dog  It 
induces  vomiting  and  ha*njorrhagic  diairhci'a. 

On  the  understanding  that  such  is  |jossib1o  in  the  case  of  putlieiic^ 
tive  disease,  if  we  may  so  expi'ess  it,  the  term  S*tpr«mia  flhiocail)  it 
f>eculiarly  appropriate* 

Litrrafurr  on  Cnusrg  of  Siijtintratitm,  Fymmuiy  Stptkirm^,!,  timt  Si^fnrmin^m*'^ 
Andrewes:  VU\k  M<Hi  Otf.  Loo.  Uor.  Bd..  xx.  ia9],  n.  27:t ;  Hnd.,  xni,  imn^  u, 
209.  Blumberg:  Arck  L  iiath,  Atmt.,  c.  iSH5,  pt.  Ztl,  Bumm :  Sit^ngrii,  «L 
itliyN,  riiitl,   ili'MplWh.   fu   \V  ttr/Jmrg,    18SS,   p.  95,       Burg^itisky  <3upljjlaee«aia 

iV'^te'"*"**  AiinMin):  Afb.  *,  fl.  l»i?^>.  il  jwtJi.  Anat   ,   ,  .    br<r    /11  Tiititip'  t  Ifltfl, 
I*.  <J3.     Cad^C  !  l*v«>cyioiri*  Micn»b«»j :  Uonint.   it»»fl.    -  II. 

Cbanin  :  L«  fimliuit*'  j»yoryMiiipi«\  1889  :  a/mt,  Unc  8*  1  -^. 

Cheyne  :   Si,  "mhi  Si-ittie  Di^^c 084-,   1889.      ae  Chnstitms  tit. 

hiati^ur,  il.  1  '.     Crookshank    t^afjttian  of  Idrntity  c»t  Sti  ngm 

tttid  8tM*pt  i.  ,..,.-..;.  Mi>>:  Ti.  Vn.  lulriiiAt  Cong,   Hy-    ""*    ' '-  it 

pp,  «7t  6i*.     Daliing^er :  .!.  K«jy,   Mivr,   8«x»,   Uaul..  v,']  .tf: 

Cciiiralb).  f.  <l.  mvil  \VMMrnw>h.,  %l  1873.  ji.  92%     Feltx     i  lA. 

reod,  Ar:Ad.  d.   So.,  Ixxx.    187.\   p.    1338;  Ibifl,  Ixxkiv.    1877,  |^    IMi.      Fcnmri : 
$id  XmciWo  piuciAuico,  18S9.     ▼.  rodor  (Inject Uai  of  BacC^Ha  into  the  YHm) :  I>t«t. 
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iiied.  Wochnschr.,  xii.  1886,  p.  617.  For^ue:  Des  septicemies  gangreueuses, 
1886.  Fraenkel  (Organisms  of):  Zeitschr.  7.  klin.  Med.,  x.  1885,  p.  402;  also, 
Wien.  med.  Wochoschr.,  xxv.  1885,  pp.  108,  141, 173.  Garr6 :  Fortschr.  d.  Med., 
iiL  1885,  p.  165.  Gessard  (Pyocyanic  Microbe) :  Ann.  de  I'lnst  Pasteur,  iv.  1890, 
1).  88.  Hauser :  Ueb.  Faulnissbacterien.  u.  d.  Beziehungen  zur  Septicaeniie,  1885. 
Hiller:  Centralbl.  f.  d.  med.  Wissensch.,  xii.  1874,  pp.  323,  337,  353,  369. 
Jankowski:  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  viii.  1890,  p.  221  ;  also,  Beitr. 
z.  path.  Anat.  u.  allg.  Path.  (Ziegler),  vi.  1889,  p.  225.  Jeannel  et  Laulani^ : 
Gaz.  hebd.  de  med.,  xiv.  1885,  p.  1194.  Kronacher:  Die  Aetiolo^ie  u.  d.  Wesen 
d.  akuten  eitrigen  Entziindung,  1890.  Leber :  Die  Enstehung  d.  Entziindung, 
1891.  Levy:  Arch.  f.  exper.  Path.  u.  Pharmakol.,  xxix.  1891,  p.  135.  Lister 
(Micro-Orgauisnis  and  Inflammation) :  Lancet,  1881,  ii.  p.  695.  Lucet  (in  Bovine 
S|)ecies) :  Ann.  de  I'lnst.  Pasteur,  vii.  1893,  p.  325.  Marthen  :  Ueb.  blauen  Eiter, 
etc. ,  1890,  Thesis.  Matthews-Dimcan(Sapr{emia) :  Lancet,  1880,  ii.  p.  684.  Mironoff 
(L  against  Streptococcus) :  Compt.  rend.  Soc.  de  biol.,  v.  1893,  p.  400.  Nathan : 
Arch.  f.  klin.  Chir.,  xxxvii.  1888,  p.  875.  Neumann:  Ztschr.  f.  klin.  Med.,  xix. 
1891,  Suppl.-Hft.,  p.  122.  Og:ston :  Brit.  Med.  Joum.,  1881,  i.  p.  369  ;  also,  Journ. 
Anat.  and  Physiol.,  xvi.  1882,  p.  526;  Ibid,,  xvii.  1883,  p.  24.  Passet:  Fort- 
schritte  d.  Med.,  iii.  1885,  p.  33  et  seq.  Petri  (Malignant  Oidema) :  Centralbl.  f. 
d.  med.  Wissensch.,  xxii.  1884,  pp.  833,  849.  Ribbert :  Deut.  med.  Wochnschr., 
XV.  1889,  p.  101.  Richet:  Arch,  de  med.  exper.  et  d'anat.  path.,  i  1889,  p.  673. 
Roeer:  Compt.  rend.  Soc.  de  biol.,  iv.  1892,  p.  824.  Rosenbach :  £ng.  Transl. 
N.  Syd.  Soc,  1886,  p.  397.  Steinhaus :  Die  Aetiologie  d.  acut.  Eiterungen,  1889. 
Wassilieff  (Micrococci  in  Vessels) :  Centralbl.  f.  d.  med.  Wissensch.,  xix.  1881, 

f.  929.  Winkler  and  Schrdtter  (New  Green  Organism) :  Mitth.  a.  d.  embryol. 
nst.  d.  k.  k.  Univ.  Wien,  1890,  p.  60.  Wyssokowitsch  (Injection  of  Micro- 
organisms into  Blood) :  Ztschr.  f.  Hyg.,  1886,  i.  p.  3.  Zuckermann  (Cause  of 
Suppuration) :  Centralbl.  f.  Bacterid,  u.  Parasitenk.,  1887,  i.  p.  497. 


Actinomycosis. 

1141.  Definition. — A  disease  cainimn  to  viany  animals  and  to  Man, 
earned  by  the  vegetable  parasite  known  as  adinomyces  or  ray-fungus. 

Historical. — The  name  Actinomyces  or  Strahlenpilz  was  given  to 
the  parasite  by  Harz  (No.  50,  xv.  1877,  p.  484). 

Notwithstanding  that  the  disease  is  one  to  which  cattle  fall  a  prey 
much  oftener  than  Man,  yet  curiously  it  was  in  Man  that  the  para- 
site was  discovered.  On  Israel  showing  v.  Langenbeck  the  surgeon 
some  of  the  pus  preparations  taken  from  the  human  subject,  the  latter 
was  reminded  of  a  case  which  came  under  his  notice  in  the  year  1845 
while  at  Kiel,  in  which  the  characteristic  cylindrical  fungus,  radially 
arranged,  was  found,  v.  Langenbeck's  case  was  one  of  vertebral 
abscess  with  fistulous  openings.  Among  the  discharge  little  tubercle- 
like bodies  were  discovered,  which  on  microscopic  examination  proved 
to  be  the  fungoid  masses  (see  account  of  this  case.  No.  13,  Ixxiv. 
1878,  p.  50). 

It  remained,  however,  for  Bollinger  (No.  50,  xv.  1877,  p.  481)  and 
Israel  (No.  13,  Ixxiv.  1878,  p.  15)  practically  to  rediscover  the 
disease,  the  former  in  the  jaws  of  cattle,  the  latter,  a  little  more  than 
a  year  later,  in  the  human  subject.  Israel  gave  what  is  almost  a 
complete  set  of  drawings  of  the  morphological  phases  of  the  life  history 
of  the  parasite.  Ponfick  shortly  afterwards  (No.  43,  xvii.  1880,  p. 
660)  confirmed  Israel's  observations. 
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In  animals  the  Lmiiours  long  went  by  various  incleiimUs 
such  11^  odeo^arcoma,  spina  i'«rw//wf,  lyinyhudenunui^  etc 

The  Disease  in  Animals. — ^Oxen  ure  (Hjrhaps  man*  subjWt^ 
the  cHnease  thiiti  uthei-  aninial».  iiTui  in  them  rht*  t4>ngua  utid  JHWi 
are  the  |mrts  mo^t  <  if  ten  atfei  tud.  The  tongue  becomes  AWolleii  and 
80  hard  that  the  term  wooden  tongue  is  applied  popularly  to  it 
Small  tumourlike  de|iosilfi  are  seen  within  it,  the  seat  of  the  fungOA. 
The  jaws  also  become  infiltinted  w4th  the  tumour  masses ;  thej  wai^ 
purate  and  discharge  through  intractable  sinuses.  The  bone  beoomei 
opened  int-o,  and  new  bone  is  thrown  out  in  irregular  ma«wa. 


Km,  jT9.— Ai-rtwt»nvcK»  rnoii  Urx^.v  Ltvrm, 


The  lung  is  not  so  often  implicated  in  cattle  as  other  ]Mirt«,  but 
the  ])har>'nx,  larynx,  OBSophajpis,  and  intestine  frtHjuently  conutn  tb«f 
tojuotu-'like  depoeita.  The  disease  is  slow  in  itn  ctjurse,  and  tend«  U^ 
spread  from  one  organ  to  another.  In  some  cases  the  subcutaiieau» 
linue  of  the  head  and  neck  is  the  seat  of  it. 

It  wjiH  first  descril»ed  in  horses  by  Rivolta  and  Johne^  The 
stump  of  the  s^K^rmutic  cord  after  castration  lx'Conii*s  infected  wnk  m 
paraiiite  (diseomyces),  and  assumes  a  scirrhous  Uimoiu-  like  appeanmee 
(scirrhous  cord),  not  unlike  that  induced  by  actinomycoa.  X>og^  and 
pigs  are  both  subject  to  actinomycosis ;  in  the  pig  the  disesae  immMW 
the  form  of  plmr)nge4il  abscesses,  and  also  affecUi  the  mamoiArjr  ghod. 
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The  Disease  in  Man.— In  Man  the  actinomyces  gi%^e  riae  to 
tutwnir  formations  and  abscesses.  There  is  lurdly  an  organ  or  tissue 
in  the  Ixdy  which  is  exempt  from  them.  Thns  they  are  often  found 
in  the  lung  and  liver;  in  iMjne  they  occasionally  take  up  their  residence; 
and  in  a  case  descnlied  by  Delepine  (No.  192,  xL  lH8iS-89,  p.  420) 
they  gave  rise  to  multiple  tumours  and  abscesses  in  the  substance  of 
'  e  cerebral  hemispheres. 

The  tiunour  in  the  lung  might  be  mistaken,  on  careless  examina- 
tion, for  a  sarconm.  It  is  a  i)eribronchitic  growth,  and  on  eeetioii 
presents  a  peculiar  foliated  appearance,  which  once  seen  is  not  readily 
forgotten.  It  varies  in  size  from  a  millet  seed  to  that  of  a  wahnit. 
In  the  abscesses   Deb^pine  was 
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able  to  detect  mitnite  i- him  jib 
scattered  through  the  contents. 
On  compressing  them,  and  with 
the  use  of  a  high  power,  they 
were  seen  to  be  made  up  of 
coarse  branching  filaments. 

According  to  Israel  (No.  582, 
1886,  p.  463)  there  are  three 
jiaths  of  entrance  in  Man — -{1) 
the  mouth  and  pharynx ;  (2) 
the  respiratory  passages ;  and 
(3)  the  digestive  tract.  Rarely 
the  ptii-asito  may  be  localised 
in  the  lower  jaw,  neck,  cheeks, 
bronchial  mucosa,  parenchyma 
of  the  lung,  the  chest  wall, 
testinal   mucosa,   peritoneum, 

ir  in  a  vertebral  abscess.     In  bronchitis  actinomycotica  the  sputum 
ntains  the  parasite. 

As  time  goes  on  the  centre  of  the  masB  becomes  necrobiotic,  an 
event  which  is  accompanied  by  increase  of  the  actinomyces  groups, 
ilore  or  less  pus  shows  itself,  and  not  unfrcquently  there  are  slight 
haemorrhages.  Cavities  are  thus  formed  filled  with  soft  material 
composed  of  pus  cells,  fat,  blo<xi-cor{>UBcles,  blood-crystals,  and  actino- 
myces grouj^is.  Around  these,  reactive  fibrous  tissue  is  thrown  out. 
The  walls  of  the  cavities  arc  shreddy,  and  the  actinomyces  groups  are 
found  clinging  to  the  debris.  In  the  long,  the  future  course  of  the 
disease  is  very  much  like  that  of  ordinary  phthisis.  The  prevertebral 
tissues  are  apt  to  become  infected  from  the  adjacent  pleura.  The 
disease  may  i>a8s  through  the  tmse  of  the  huig  and  diaphragm  into 
the  abdomen  or  into  the  anterior  mediastinum, 

MorpholO;gy, — The  forms  which  the  parasite  assumes  are  the 
following: — (1)  Coccus-Uke  bodies  from  0-5  /x  in  diameter.  They 
are  very  numerous  in  the  large  colonies,  but  sometimes  occur  inde- 
jjendently   of   these.     (2)  Threads   0"6    ^  in   breadth    or    broader. 
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They  are  seen  better  in  iiiistAined  ihim  in  stained  prepamtioiis,  and 
look  broader  when  unsUiined^  owing  to  the  sheath  being  vitihlcu 
When  stained  and  clarified  it  is  the  content*  of  the  thread  alone 
which  colour.  They  are  sometimc«  segmented  or  even  fipiriilar  in 
form  (M*Fjidyean).  In  the  tissue:^  they  iK;cur  without  the  clube^  or  it 
may  be  that  the  thibs  are  found  iti  one  nreii^  the  threails  in  another. 
In  mnst  casei*,  however,  it  is  the  chdhs,  not  the  threjiils,  which  prevail. 
fu  Man,  however,  a  tangled  nms.H  of  thremls  and  cocci  is  commimcit, 
Sehluni  cliX's  it  happen  that  the  two  are  eunibitied  in  the  »ame  locttiu 
(3)  Club-forms*  Although  these,  as  just  8iiid,  are  the  coiumoiieil 
and  most  characterisstic  stage  of  actinomyces  growth,  yet  by  BoslHSoi 
(No,  654,  1885.  p.  lU)  and  other**  they  have  been  considered  as  dmii- 
erat<?  structnreif,  involuted  ffinns  arii*ing  from  arrest  of  growth.  'Ine? 
are  long  clavate  hodiea,  sometimes  branched,  and  arranged  in  a  radiate 
manner  around  a  ct»ntre  composed  generally  t»f  gninular  matter.  Hr 
their  railiate  arrangement  they  constitute  ms^ettA'-like  colonies  of  rr»tind 
or  Aomewhat  ovate  shape  ilFigs,  579^  580),  Tliey  are  jHH'uliarly  homo- 
geneous, and  are  made  u|)  of  a  membrane  outside  with  clear,  highly* 
refractile  contents  The  jxiinted  end  a  [way*  looks  towards  the  ceiiirr  til 
the  rosette.  They  arc  occaiiio?»ally  so  loosely  atlache<J  that  they  fall  oot 
in  preparing  the  isection*  When  they  are  combine^l  with  threads  the 
threads  lie  among  the  graiudar  debris.  The  en«l  of  a  thread  it  held 
by  Bc»8trr)ni  to  run  into  the  chib  aiul  to  be  surrf>unded  by  it«  gA^ 
tinou>*  c*mtent-s.  Indeed,  the  wh<»!e  club  is  often  reganled  tnnpljr 
AA  11  mucoiil  swelling  of  the  end  of  the  threail. 

By  others  however,  the  chiba  have  been  looke*!  ujaui  ua  true 
re|»ro4luctive  orgarm,  and»  as  sup[>oiting  thia  view,  spore-like  liodiei 
have  «x'casionally  been  detected  within  them.  These,  however,  after  a 
lime  disjip]»i*ar. 

AioUTid  the  rcwette  of  clubs  there  is  generally  a  deti«e  layer  of 
small  round  (:v\U  fonning  what  is  usually  held  to  be  a  protective 
barrier  against  the  organism  spreading.  The  central  granular  pan  ol 
the  colony  sc»wetimes  bt«comes  calcsireous  ;  the  calcic  materia]  dimjiintf 
in  minend  acids  without  elfervesrence  (Delepine). 

Classification  and  Life  History.— This  as  yet  remains  inudo* 
what  unsettled.  The  chdn§  have  l>ecn  described  as  ^Hfrt*hmrm§ 
fntjiidia  or  rmti'fiff.  It  ha**  also  been  allege^l  that  they  res«oifa)« 
ascomycetes.  iVlepine  (Nik  lii:.\  xl.  1^88-89,  p  421))  remarks  tlial 
there  is  a  remarkidile  resemblance  between  them  ami  the  ffphaccljiiai 
of  a  elaviceps  (one  of  the  pyrenomycetes).  It  is  hanl  to  say  whiQilicr 
the  clubs  are  asci  or  not,  although,  as  before  remarked^  saine  fil  iboB 
contain  spore-like  structiues. 

ficmtrom  concluded  that  the  fungus  lielongs  to  the  ChidnChrtJC 
grou|>  of  Schi^omycetes  (p.  959 )»  and  that  it  is  possibly  identical  with 
Btreptothrix  F<>rRteri  of  Cohn.  Certainly  there  is  a  cloee  reMgenbhuies 
in  the  eultiLre  coloniea  of  certain  varieties  t  f  streptothrix  and  thtmm  of 
the  parasite  in  question.     In  Fig.  495  is  given  a  repreMDtaCioii  of  a 
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growth  on  agar  of  actinomyces,  and  in  Fig.  497  one  of  streptothrix  of 
Eppinger.  In  both  there  are  the  same  spherical  masses,  easily 
detached,  and  when  detached,  retaining  their  circumscribed  character 
to  such  an  extent  that  they  float  about  in  the  condensation  liquid  at 
the  bottom  of  the  tube. 

Israel's  view  of  the  life  history  of  the  organism,  as  expressed  in  his  original 
work  on  the  subject  (No.  13,  Ixxiv.  1878,  p.  39),  is  as  follows: — The  feebly 
refractile  micrococous-like  granules  (Fig.  581,  C)  grow  into  threads  (A)  which  are  un- 
segmented,  wavy,  or,  here  and  there,  corkscrew-like,  and  by  no  means  seldom  dicho- 
tomously  branched.  The  threads  may  throw  off  shining  spore-granules  at  their 
ends  or  laterally.  One  free  end  of  the  thread  swells  into  a  highly  refractile  pear- 
shaped  body  or  conidium  (B) ;  and  this  again  (D)  may  divide  into  a  number  of  seg- 
ments by  transverse  fission.  Pear-shaped  bodies  also  are  set  free,  and  by  budding, 
constriction,  division,  and  falling  to  pieces,  pass  through  a  series  of  metamorphoses 
whose  final   result  is  the  formation  of  shining  irregularly-developed  flakes  and 


FiQ.  581.— Drawiko  illustrating  the  Life  History  op  Agtinomyceb  aocordino  to  Israel 
(after  M'Fadyean  ;  Reichert,  ^,  oil  iinmemion). 

(A)  Small  colony  showing  central  core  of  cocci  (partly  out  of  focus)  and  radiating  filaments, 
some  of  the  latter  branched ;  (B)  irr^pilar  group  of  cocci  from  which  proceeds  a  filament  ending  in 
a  club ;  (C)  short  chains  of  cocci ;  (D)  cocci  developed  by  close  segmentation  of  a  filament  (Gentian- 
violet  and  Gram's  Method). 

granules.  Out  of  these  apparently  are  produced  the  finest  micrococcus-like  bodies. 
These  again  elongate  into  filaments.  He  thus  adopts  two  methods  of  genesis  of 
these  finest  granules  (cocci  or  spores),  namely,  from  the  filaments  and  from  the 
pear-shaped  conidia. 

Artificial  Culture. — In  order  to  succeed  in  cultivating  the  fungus 
artificially  from  an  original  colony  in  the  tissues,  it  seems  to  be 
necessary  that  the  colony  be  in  the  thread  stage  of  development,  not 
in  that  of  clubs.  Hence  growths  taken  from  Man  are  perhaps  more 
successful  than  those  from  the  lower  animals. 

On  the  surface  of  gelose  it  assumes  the  form,  in  from  the  third  to 
the  fifth  day,  of  amber-bead-like  isolated  colonies  (Fig.  495).  They 
are  peculiarly  elevated  and  loosely  attached,  so  that  if  there  be  any 
condensation  liquid  at  the  lowest  part  of  the  tube  they  are  easily 
shaken  oflf  and  fall  into  this.  Here  they  remain  in  their  bead  form, 
and  even  although  the  tube  is  roughly  shaken  do  not  tend  to  break 
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up.  They  iire  culourlesft  at  first,  but  become  yellowisli  Uter  on  ;  llicy 
are  al^o  possessed  of  a  peculiar  amber- 1  ike  trans|jareiicy.  The  ealotij£ii 
while  still  adhering  to  the  surface  of  gelose  incline  to  rm\  in  line*  <jr 
to  becdiiie  aggic^iited  in  griitijis,  but  do  not  coale*ice.  WTieu  looked 
at  minutely  or  with  a  iwcket  lens»  the  margfin  of  (mch  colony  in  aaen  to 
bo  so  elevated  tlmt  in  reality  it  forms  a  little  ring  with  a  dark  §pol  in 
the  centre, 

ExumiiR'd  luicruscopiailly,  the  rolcHiies  are  fuuml  to  b**  luiwb^  up 
of  nwls  Hiid  straight  or  wavy  thrwids,  undoulilrdly  ftorew-liko  thmuifU, 
mid  lastly,  cot*tus-like  lH>dies*  It  h  rarely  if  ever  that  true  clutm  itn> 
met  with.  It  haw  lieeii  aasertod  that  in  old  growths  they  iionir'timi!^ 
do  appwir.  Wiilff  nnd  Israel  (No.  1.1,  rxxvi,  1891,  p.  3^)  Btalc  that 
when  grown  on  raw  or  boilird  egg?*  the  ti lament*  develop  with  imt- 
tictdar  rii!hnes8,  and  that  swellings  of  small  siize  are  to  \}c  «ieen  on  llMiir 
ends.  Bostr*ini  dt'scribcd  the  .■^ime  swellings,  and  Ujokcnl  upon  thvm 
m  rudimt'ritiiry  clubs.  In  mre  ins^tances  the  cohmy  grows  to  m  WgBr 
ftixe  a  ml  take^  the  shii[M3  of  a  rosette  (Israel  and  Wolff). 

Inoculation. — I'he  credit  of  proving  the  inrjcu lability  of  ACti- 
nomyce?i  undoubtedly  rests  with  Woltf  and  fsmel  (No,  13,  cxxvi.  1^*91, 
p,  1 1 ).  They  isolated  it  from  the  aWcsses  in  Man  and  grow  it  upoci 
various  media.  When  a  smidl  ciuantity  of  a  pure  growth  on  a^ir  < 
U|»on  egg  h  introduced  into  the  alMlomen  of  unimain  it  rrprodticiM  the 
iliitrase  wrtli  great  cert*iinty.  They  employcHl  in  one  rcseiircb  iwenty- 
three  animaU.  Twenty-two  of  tbeac  were  ininndatod  ts  ftbo'Ttf  witll 
actinomyee^ ;  one  wa$  inoculated  with  the  sterile  ag)ar  inedJitDi  mB  ft 
control  experiment.  Of  the  twenty -two  animals  ac^lected,  eighletfi 
were  ndjbjt»,  three  guinea-pigs,  and  one  a  sheep.  Of  Uu*se  only  llie 
theei>  failed  to  contract  the  disease.  In  the  others  the  ijeritunetm 
wn»  found  to  Ik?  the  «ieat  of  an  eruption  of  small  tuniouni ;  in  m 
in8tancc»  the  tumours*  were  also  foimd  in  the  alxlominal  mnirteft  ;  in 
another  within  the  npleen. 

The  peritont^al  tumours  varie<l  in  sixe  from  a  millet  somI  to  m  plv 
In  the  surrtiundings  of  the  larger  tumours  there  were  numisroiiA  fQiAUcr  I 
noflulcs.     The  dis^'ane,  even  when  «i»  ext*»nsive  as  to  cover  the  etiCtrt 
jM-ritoneum,  did  not  always  prove  fatal,  aird  even  so  Ute  as  from  nef  eni 
to  nine  nji:»nths  after  infection. 

The  hmallcti^t  tumours  were  surrounded  by  a  conneettve  tMcw 
capsule,  ami  hat!  a  selwiccousdike  interior  In  the  case  of  the  kr^gier  1 
tumours  the  aipsule  was  denser  and  sent  in  numerous  fibrous  nepta. 
The  contents  »c|itirated  into  little  seed  like  masses,  which^  on  bejiig 
examinc<l  micniseopieiilly  were  f<»und  t«  lie  conijKwKsl  of  the  ttsnml 
aetinomyte^  forms  including  the  clubtit.  Hut  just  as  in  hitiajaa 
actinomyi!o«i?i,  there  were  many  instances  in  which  the  thre^uU  w<?rw 
]>re«K'nt  without  the  clubs,  or  the  clubs  showed  only  a!  Mtit-  nar-  4*(  tktf 
circumference. 

Means  of  Propagation. — d  ohnc  (Na  50.  xix.  i--,,  ^k  j7S)1 
found  the  actinomyces  adhcretit  to  vegetable  particles  aiid  atlachevl  to 


Fig.  495. — Actinomyces.  Surface-culture  on  peptone-agar.  The 
colonies  are  in  the  form  of  minute  amber-coloured  beads  which  tend 
to  fall  off  from  the  surface  of  the  medium  into  the  liquid  of  condensa- 
tion and  to  retain  their  bead-like  character.  They  have  a  close 
resemblance  to  the  colonies  of  Streptothrix  (Fig.  497).  (See  page 
1025.) 

Fig.  496. — Bacillus  fluorescens  non  liquefaciens.  Surface- 
culture  on  peptone-gelatine.  The  colony  is  peculiarly  dense,  its  surface 
somewhat  corrugated,  and  the  margin  well  defined.  The  organism 
throws  out  an  emerald -green  colouring  matter  which  pervades  the 
culture  medium.     (See  page  974.) 

Fig.  497.  —  Streptothrix  of  Eppinqer.  Surface-culture  on 
peptone-gelatine.  The  colonies  takp  the  form  of  slightly  red-coloured 
beads,  resembling  those  of  Actinomyces.     (See  page  1025.) 

Fig.  498. — Cladothrix  dichotoma.  Surface-culture  on  peptone- 
agar.  The  colonies  assume  the  character  of  rounded  cup-shaped  crusts. 
The  organism  throws  out  a  brownish-red  colouring  matter.  (See  page 
974.) 
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the  tonsils  of  the  pig.  They  have  also  been  discovered  adherent  to 
other  free  surfaces.  Sometimes  the  point  of  entrance  has  been  a 
carious  tooth,  a  wound  of  the  skin,  or  the  mucosa  of  the  bronchi. 

Israel  (No.  50,  xxiv.  1886,  p.  306)  describes  a  case  of  the  disease  in  the  lung 
acquired  apparently  directly  by  inhalation.  The  patient,  a  coachman,  had  been  in 
the  habit  of  sleeping  on  straw  or  hay,  and  had  drunk  out  of  the  same  trough  as  his 
horses.  An  abscess  formed  under  the  left  mammilla  which  increased  in  size  and 
resolved  itself  into  an  ulcer.  He  became  emaciated.  The  left  half  of  the  chest 
assumed  a  shrunken  appearance,  and  abscesses,  followed  by  ulcers  whose  secretion 
contained  abundant  ray-fungus,  developed  upon  it  The  fungus  was  also  present  in 
the  sputum.  After  death  a  large  cavity  was  found  at  the  base  of  the  upper  lobe. 
The  actinomycotic  infiltration  had  spread  through  the  pleura  into  the  chest  wall. 
The  liver,  spleen,  and  intestinal  mucous  membranes  were  waxy. 

He  believes,  however  (No.  92,  xxxiv.  1887,  p.  163),  that  the  parasite  is  not 
inhaled  from  the  atmosphere,  but  from  the  mouth  or  throat.  Teeth  with  cavities 
in  them  act  as  a  nidus  for  the  fungus.  He  says  that  he  has  established  the  fact  by 
a  long  series  of  observations.  In  one  case  he  found  in  the  lung  what  he  affirms  to 
be  a  piece  of  a  tooth  as  large  as  a  lentil.  It  had  the  structure  of  dentine.  An 
organism  has  several  times  been  detected  in  the  tartar  encrusting  the  teeth  and  in 
the  crypts  of  the  tonsils,  which  closely  simulates  actinomyces.  The  general  belief, 
however,  is  that  it  is  nothing  more  than  leptothrix  buccalis. 

It  should  be  added  that,  once  having  taken  hold  of  a  tissue  or  organ,  it  spreads 
throughout  the  body  apparently  through  the  agency  of  leucocytes  as  carriers  (Dele- 
pine,  No.  192,  xl.  1888-89,  p.  426). 

Literature  on  Acthunnycosis, — Bolling^er :  Centralbl.  f.  d.  med.  Wissensch.,  xv. 
1877,  p.  481.  Bostrdm  (in  Man) :  Beitr.  zur  path.  Anat.  u.  allg.  Path.  (Ziegler),  ix. 
1890,  p.  1.  Bristowe  (Gastro-intestinal) :  St.  Thomas'  Hosp.  Rep.,  xiv.  1886,  p. 
243.  Chiari  (of  Intestine) :  Prag.  med.  Wochnschr.,  ix.  1884,  p.  93.  Crookshank  : 
Annual  Rep.  Agricultural  Depart.  Privy  Council  Office,  1888  ;  Trans.  VII.  Intemat. 
Cong.  Hyg.  and  Demog.,  1892,  ii.  p.  105  ;  also,  Manual  of  Bacteriology.  Del^pine  : 
Trans.  Path.  Soc.  Lond.,  xl.  1889,  p.  408.  Eve  (Gastro-intestinal) :  Brit.  Med. 
Journ.,  1889,  i.  p.  584.  Firket :  Rev.  de  Med.,  iv.  1884,  p.  276.  Fleming:  Vet. 
J.  and  Ann.  Comp.  Path.,  xvi.  1883,  p.  73  ct  scq.  Hamer :  Ztdchr.  f.  Heilk.,  xi. 
1890,  p.  255.  Hariey  (Gastro-intestinal) :  St.  Thomas'  Hosp.  Rep.  Lond.,  xv. 
1886,  p.  235  ;  also,  Med.-Chir.  Trans.,  Lond.,  Ixix.  1886,  p.  135.  Israel  (Original 
Article) :  Arch.  f.  path.  Anat.,  Ixxiv.  1878,  p.  15  ;  also.  Arch.  f.  path.  Anat.,  Ixxxvii. 
1882,  p.  364  ;  also  (in  Lung),  Centralbl.  f.  d.  med.  Wissensch.,  xxiv.  1886,  p.  306 ; 
also  (in  Lung),  Arch.  f.  klin.  Chir.,  xxxiv.  1886,  p.  160  ;  also  (Cultivation  of),  Arch, 
f.  path.  Anat.,  xcv.  1884,  p.  140.  Kischensky :  Archiv  f.  exp.  Path.  u.  Phar- 
makol.,  xxvi.  1889,  p.  79.  Linden:  Aktiuomykose,  1892.  M'Fadyean:  Joum. 
Comj).  Path,  and  Therap.,  ii.  1889,  p.  1.  Pawlowsky  and  Maksutoff  (Phagocy- 
tosis in  A.) :  Ann.  de  I'lnst.  Pasteur,  vii.  1893,  p.  544.  Pflug  (in  lung):  Oesterr. 
Vrtljschr.  f.  wissensch.  Veterinark.,  Iviii.  1882,  p.  13.  Ponfick:  Die  Actinomykose 
d.  Mcnschen,  1882;  Berl.  klin.  Wochnschr.,  xvii.  1880,  p.  660^  Arch.  f.  path. 
Anat.,  Ixxxvii.  1882,  p.  541.  Pusch  (in  Lung):  Arch.  r.  wissensch.  u.  prakt. 
Thierh.,  ix.  1883,  p.  447.  Wolflf  and  Israel :  Arch.  f.  path.  Anat.,  cxxvL  1891, 
p.  n. 

Mycetoma  {Madura  Foot), 

1142.  The  clinical  features  of  this  disease,  according  to  Bocarro  (No. 
59,  1893,  ii.  p.  797),  are  mainly  as  follows: — A  localised  tenderness 
develops  at  one  part  of  the  foot  or  hand,  never,  so  far  as  known,  on 
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agiir  nieclnim.  Its  cultivation  under  any  rinnmstiinceft  is  a  omli<?r 
of  diflieulty ;  one  tube  may  show  a  Inxnmnt  growtli,  another  remain 
sterile.  The  Uei^t  mediuni  is  himiun  IiUjikI,  next  mbUit^s  blood.  A 
convenient  metlium  is  gelose  mixed  with  blmxl  Thid  can  lie  KuMited  ta 
TC  C.  without  losing  its  efficiency.  Tht-  Uicilhis  faiU  to  grow  on  blood* 
serum. 

To  obtain  a  pure  culture  Pfeifier  nmkcB  aii  enuiUion  of  9|>utiiiii 
with  one  or  two  cubic  ceTiiiui**tre8  of  bouillon*  This  is  sown  on  ibn 
eurface  of  gelose  smeared  with  blow!  The  cohmies  are  9o  smidl 
that  a  pocket-lens  nmy  be  re4iurcd  fnr  their  dt-tccticm.  The  diffictilij 
of  recognising  theni  is  imTc;u-*ed  by  the  fact  thai  they  poaactti  Uie 
tranj^jiarency  of  water. 

The  highest  tempemture  at  which  the  bacillus  will  grow  I^  i*?'  d, 
the  lowest  26-27'^  C     The  optimum  it»  that  of  the  body. 

It  u  aerobic,  and  a  certain   humidity  is  necessary  for   u>  mail 
tenancc  anil  increase. 

Resistance  to  External  Ag^cnts.  — In  sputum,  the  IwHlli 
preserve  their  vitnlity  tnr  f»»urtceu  iinys.  They  are  eWly  desln*y«d 
by  drying.  Colonies  are  sterilised  within  twenty -four  houm  by 
drying,  sputum  after  forty  hours.  Heating  aluive  CD'  t\  kilU  bontlloo 
cultures  in  hvc*  namites. 

Inoculability. — Monkeys  arul  nibbits  give  |x»sitive  r^snlia^  fltl^r 
animals  ;no  n^fractory.  By  rubbing  the  bucilius  into  the  nan]  mueoQi 
membrune  of  monkeys,  or  by  injecting  it  ijito  the  lung,  he  eiUod  fortll 
symptoms  similar  to  thoee  of  human  influenza.  These  ohnonnljoas 
have  been  confirmed  by  lieck  (No.  22, 1892  :  ah\  No.  49,  1892,  ii  Ak 
1,  p.  10)  and  Weichselbaum  (No,  Oil,  1M92,  Nos.  xxxii.  and  xxxiii ; 
d^y  No,  49»  1892,  ii.  Ab,  1.  p.  10). 

Contagrton. — Tlje  disease  is  evitlently  conimunicat4Hl  fitnn  Man 
Uj  Man  by  contagitin.  The  Uicillus  is  abundant  in  the  ^putuin,  n»un? 
eBpecially  in  the  green* yellow  sputum  at  the  dee[)est  part  uf  the 
cracholr. 

Horses  su^er  from  a  disease  known  popularly  a«  "  pink  ey^**  m 
catarrhal  affection  which  disables  them  for  several  days,  and  wbidl  ii 
aeeompnniefl  by  conjunctivitis.  It  has  Ikmni  alleged  that  this  dtsesaeol 
the  horse  can  conunnnicatc  inHuenza  to  Man  and  riri'  rrfut  AltboimJb 
epidemics  uf  ecjuine  in11ucn/.a  may  have  prevailed  accidentally  in  difl^Brent 
parta  of  £uni[>e  at  the  time  when  human  influenza  wae;  rampanti  yei 
there  is  an  al)»ence  of  evidence  connecting  the  occurnnice  of  the  one 
with  that  of  the  other. 


TUBBBCLK. 


Sufficient  ha«  already  been  detailed  of  the  morphological  dtaraeliri 
of  the  tubercle  Itacillui;^  it«  st^uning,  the  localities  in  which  tt  CKXun 
and  ita  relationship  to  the  tissues  in  which  it  gn>W8  («ee  Index).     1 
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remains  to  indicate  briefly  the  features  of  its  artificial  cultivation. 
The  medium  on  which  the  bacillus  was  originally  grown  by  Koch 
was  stiffened  blood-serum,  and  for  long  it  was  supposed  that  it  would 
grow  on  nothing  else.  As  discovered  by  Roux,  however,  the  addition 
of  from  5  to  6  per  cent  glycerine  to  almost  any  medium  has  the  effect 
of  rendering  that  medium  quite  as  suitable  for  the  purpose,  if  not 
more  so,  than  blood-serum. 

On  glycerine-ag^ar  it  grows  in  the  form  of  little  gray  curdled- 
milk-like  patches  or  spots  which  tend  to  become  confluent  as  time 
goes  on  (Fig.  501,  Coloured  Plate).  Ultimately  a  honeycomb  sort 
of  surface  results  (Fig.  502,  Coloured  Plate),  rough,  corrugated,  and 
very  dry.  The  spotted  or  patchy  appearance  develops  in  from  two 
to  three  weeks,  but  the  honeycomb  aspect  is  not  visible  till  several 
weeks  afterwards,  sometimes  not  till  months  have  elapsed. 

On  glycerine-beef-tea  the  growth  falls  down  to  the  bottom  of 
the  flask.  When  shaken  up,  the  sediment  rises  in  clouds  which  soon 
subside. 

The  power  of  retaining  the  basic  aniline  dye  in  presence  of  a 
mineral  acid  is  never  so  great  in  an  artificial  culture  as  in  sputum  or 
in  the  tissues. 

The  optimum  temperature  is  that  of  the  body.  The  bacillus  fails 
to  grow  a  few  degrees  above  or  below  this. 

Literature  on  Infliuiiza, — Canon  (MiiTO-organism) :  Brit.  Med.  Journ.,  1892,  i. 
p.  129  ;  also,  Deut.  ined.  Wochnschr.,  xviii.  1892,  p.  28  ;  also  (1.  Bacilli  in  Blood) : 
Arch.  f.  path.  Anat.,  cxxxi.  1893,  p.  401.  Comil  and  Chantemesse :  Bull.  Acad, 
de  med.,  xxvii.  1892,  p.  173.  Dieudonn^  (InHuenza  of  Horses  and  its  relationship 
to  Human  Pneumonia) :  Deut.  mil.  arztl.  Ztschr.,  xxi.  1892,  p.  99.  Friedrich  :  Arb. 
a.  d.  k.  Gesundheitsamte,  Berl.,  vi.  1890,  p.  254.  Grasset:  Lemons  sur  la  grippe 
de  hiver  1889-90,  1890.  Greenwood :  Practitioner,  xlviii.  1892,  p.  401.  Jacobi 
(Historical) :  Trans.  N.  Y.  Acad.  Med.  (1890),  1891,  ^  s.,  vii.  p.  61.  Kirchner: 
Ztschr.  f.  Hygiene,  ix.  1890-91,  p.  528.  Kitasato  (Bacillus) :  Brit.  Med.  Journ., 
1892,  i.  p.  128  ;  also,  Deut.  med.  Wochnschr.,  xviii.  1892,  p.  28.  Klein  (Bacillus)  : 
Brit  Med.  Journ.,  1892,  i.  p.  170.  Letzerich  (Bacillus  of  I.) :  Ztschr.  f.  klin.  Med., 
XX.  1892,  p.  274.  Pfeiffer :  Deut.  med.  Wochnschr.,  xviii.  1892,  pp.  28,  465,  and 
813  ;  also,  Brit.  Med.  Journ.,  1892,  i.  p.  128  ;  also,  Wien.  med.  Bl.,  xv.  1892,  p.  346  ; 
also,  Ztschr.  f.  Hyg.  ii.  Infectionskrank.,  xiii.  1893,  p.  357.  Pfeiffer  and  Beck : 
Deut.  med.  Wochnschr.,  xviii.  1892,  p.  465.  Report  by  Parsons,  with  Intixxiuc- 
tion  by  Officers  of  the  Local  Gov.  Board,  1891.  Ripperger :  Die  Influenza,  1892. 
Sisley:  Epidemic  Influenza,  1891.  Thombury :  IS.  Y.  Med.  Rec,  xli.  1892,  p. 
621.  Williams  (Horse) :  Vet.  Jouni.  and  Ann.  Comp.  Path.,  xxxiii.  1891,  p.  78. 
Wolff:  Die  Influenza- Epidemic  1889,  1892. 


CHAPTER  XCVI 
SYSTEMATIC   BACTERIOLOGY— ^(7(metiiti«0 

Glanders. 

1144.  Definition. — A  specific  disease  inoadabU  vpon  many  of  (he 
lower  animals^  hut  occurring  naturally  for  the  most  part  in  those  (f  the  eqvitu 
race  and  in  Man,  It  is  characterised  by  the  formation  of  tumours  and 
ahsa^ses  in  different  regions  of  the  My,  caused  by  the  presence  of  a  sntall 
murophyte,  the  Bacillus  mallei.  The  disease  runs  an  acute  or  chronic 
course,  is  very  malignant,  and  usually  ends  fatally. 

Animals  affected. — The  horse  is  more  often  the  subject  of 
glanders  than  any  other  animal,  and  when  the  disease  shows  itself  in 
Man  it  has  generally  l)een  contracted  from  this  animal.  The  ass  <loes 
not  take  it  often  naturally,  but  there  is  no  animal  more  rca^Hly 
inoculated  artificially.  The  cat  and  guinea-pig  can  also  be  easily 
inoculated.     The  bovine  race  are  held  to  be  exempt. 

Manifestations  in  Animals. — In  the  /K/r.s^*  the  mucous  mem- 
brane of  the  nose  is  perhaps  more  constantly  the  seat  of  lesion  than 
any  other  part.  Papules  the  size  of  a  lentil  or  larger  develop  on  the 
nuicous  membrane,  chiefly  of  the  septum  nasi.  These  in  course  of 
time  suppurate  and  ulcerate,  and  from  them  a  glairy  or  mucopurulent 
discharge  is  thrown  ofl*  which  runs  from  the  nostril.  In  course  of 
time  the  trachea  and  lung  become  infected.  The  lesion  of  the  trachea 
is  very  much  like  that  of  the  nares,  but  in  the  lung,  nodules  the  size  of 
a  |H»a,  a  filbert,  i>v  larger,  develop  at  intervals  throughout  its  substance. 
These  ill  certain  iiistjinces  may  suppurate.  They  s(miewhat  resemble 
tubercle  nodules,  but  do  not  tend  to  caseate  as  tul>ercle  nodules  do. 

The  lymphatic  glands  throughout  the  Ixnly  soon  l>ecome  con- 
tiniinated.  Those  in  the  neck  are  pirticularly  prone  to  do  so.  Chains 
of  them  can  be  seen  and  felt  undenuvith  the  skin,  all  in  a  state  of  en- 
largement and  induration.  The  name  *' glanders"  is  given  to  the 
disea.se  on  account  of  the  great  eidargement  to  which  the  lymph- 
glands  are  subject.  Tumour  masses  also  show  them.selves  in  the  skin, 
and  to  these  the  term  Farcy  is  usually  applied. 
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In  Man  the  disease  nianifeats  itself  by  the  occurrence  of  abscessea 
in  different  parts  of  the  body,  some  situated  deeply »  others  superficially. 
Furuncles  may  form  ou  the  face,  nml  he  acenrapaiued  by  more  or 
less  < edematous  swelling.  Irregularly-shaped  ulcers  are  founrl  within 
the  nares.  The  joints  may  be  swollen  and  painful,  an<!  the  whole 
eactremities  redematous  from  the  abscesses  locntcd  within  them. 

Examined  microscopically,  the  nodules  are  essentially  fibrous  tissue 
[)Wths,   with  a  greater  or   less  predominance  of  cellular  elements 
ording  as  the  tendency  to  suppumte  is  well  or  ill  marked.     In  the 
case  of  the  lung  the  appearances  differ  in  correspondence  with  whether 


■m\ 


\ 


FlO.  Sifc— PCUiOXAIlY  OtANDKltA,      8l£CTtf?3r  OF  A  BBAKCK  OF  TUB  PuUtOlfAftY  AUTSBY 

sHowiNn  THE  Bacilli  peketbatiso  tbk  Wall. 


the  nodule  examined  is  primary  or  secondary.  Leclainche  and 
Montane  (No.  423,  ^di.  lt^9:5,  p.  481)  say  the  spread  of  the  disease 
through  the  lung  is  essentially  along  the  lymph  paths.  From  a 
central  frti/er  secondary  nodules  mdiate  very  much  as  in  the  case  of 
chronic  tubercnhmis.  The  central  /(*i/rf\  as  descrilH?d  by  Czoker  (ref. 
hy  Leclainche  and  Montane,  No.  425,  vii,  IS9S,  p.  483),  is  initiated  by 
Jt  tuniefactioUT  destpiamation,  and  accumulation  of  the  alveohir  epi- 
thelium. Then  there  develops  a  more  or  less  necrosed  central  area 
within  the  infiltnited  jmtch,  composed  of  fatty  round  cells  and  dis- 
sociated alveolar  walls.     This  central  zone  of  degeneration  Is  limited 
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extemnny  hy  a  comp^Ki  /'.(■•  formed  of  leucocvt'Cs.  OutBid«  ikit 
again  there  is  a  third  more  fibrous  layer*  constituting  as  it  vwe  a 
Uniitidg  sheil 

The  Bacillus.— Loeffler  and  SchiiU  (Na  9.%  1682;  dl«i,  Em§. 
Tran^l.,  K  Hyil  8oa.  1M86,  p,  387)  fuuail  fine  nwU  in  ei^tiom  of 
the  lung,  liver,  and  wptum  lutsi  which  are  now  pniven  t<j  be  the  tmnmt 
of  the  diBeanc.  They  are  alK>ut  the  size  of  Udjerele  baeiUi^  and  either 
lie  free  or  are  included  within  cells.  They  are  not  found  often  in  ttm 
ci»11h  ccinstituting  the  barrier  wall  of  the  /'f/vrr  They  are  stnught^  and 
have  a  brrwhh  of  from  0'2-0'3  f* ;  rarely  they  obtain  a  InvwuUh  of 
0*4  /I.  iSimietinies  they  are  in  ihe  form  of  a  driiltvlwrilhis.  Thity 
ciiloiir  readily  enoij^^h  wilh  moat  aniline  dyus,  but  do  not  rrtatn  Uio 
colour  with  Gram's  nurthod.  Tht^  Rtaincil  Uicilli  from  old  ciiUttrot 
sometimes  have  the  up|J6anince  of  eolourtsd  grainn  arranged  In  cliaplota 
(Fig.  oS2l  These  are  the  ehroinntio  }>iirt«*  of  ihe  luicilhu ;  they  itaia 
differently  from  other  |mrta.  Thuw  with  Ehrlich'n  red»  and  6ubset(|u«Dtly 
with  methylene  blue»  they  come  out  of  a  reJ-violet,  and  with  LoeA«ri 
methyh^ne  blue  they  st^in  violet. 

It  is  easily  flestroyed  by  heat ;  a  tem[>i*rature  of  5,1*  C.  for  Ion 
minutC!s  proves  fatal  to  it  Germicides  aW  readily  de8lrt>y  it  It  i)o«i 
not  appejir  Ui  spire. 

Staining.-*  The  Imcillus  can  l>e  ^taintHi  in  ZiehlNeelaon*!  mrbolic 
fucliHin  ur  carbolic  methylene  blue^  decolorising  subaeqtiantly  with 
distilled  wiiter  or  with  a  2  per  cent  solution  of  hydrochloric  acid. 

Ntinit'vic;^  (No.  .K»,  1^91,  I.  p,  2?*1)  rt'fH»iiinitiin1x  thf*  f«llrtwiiig : — 

(1)  Tliv  H4><<tlnUH  AftT  Ulccti  tiut  ornlmhol  Mul  (lUtMifl  iu  hactfittr'm  m^thjUme  himm 
loliitiot)  *  for  two  to  B%'p  minuter, 

(2)  Thf'y  Arc  wiuthfft  nnd  tmiiHfernHl  to  tbf^  d«>folnrifiitijc  iio1utioii|  wtiidi  inoBiitoli 
of  75  parts  uf  a  J  (Mfr  i-erit  itohittciti  of  iie^lic  neid  And  '2tt  |j«rtJ  of  a  |  pn  trnnt 
titrjietitiue-wAtc'r  nolutioa^  I1ic  time  iii  ifvUioK  the  Mvtioti  lifn  ui  tliia  ii«|ttkl  Tmm» 
in  AiH^orilAnee  with  the  thickaras  of  the  $i'fliou«  Thtmie  wtiicli  «n»  ptwtty  Mik 
»\vm\t\  hiivt"  fnjiii  I  wo  to  fivt*  s^toihIii, 

(3)  Tli«'  |tit|MirtitioiiM  Arn  n«txt  wasUi«(1  tn  distilbd  WAtrr,  tTAnsfufmJ  to  tlir  ^iit, 
th«  WAter  rf'Uiove*l  with  blotting  |mper,  and  left  to  df}'  in  thi»  ait  or  geotly  liaaltd 
or«r  a  ipirit  lAmp. 

(4^  Th«;y  An*  treated  ultimiitfly  with  xylol,  Aiid  tnount'^i  iu  rAnoiU 
Thfl  longyr  ihty  Mp  bi  flic  xrlol  the  clearer  t^iey  become 

Artificial  Culture. — The  bacillus  gri>w»  readily  on  the  nurfart- 
of  gelatine,  iind  drK\'^  nut  litjuefy  it.  On  a  line  inocidation  of  the  Aur- 
fact  of  the  geUtine  medium  the  culture  lUHsumtM  the  aspect  of  a  jierfectly 
finiooth,  uniform,  und  homogeneous  single  colony  {Vi^.  507).  It  b 
|K*euUarly  slimy  tir  houfy  like,  of  a  faint  grayish  colour,  and  i§  witliout  * 
ditTerentiation  of  aurfiue.  The  ed;;e«  are  regular,  not  indented^  and 
the  growth  spreads  out  niore  towarfls  the  lower  end  of  the  tybc  than 
the  upper,  ao  that  it  is  somewhat  spatula  like  in  form. 

*     30  CX',  tat.  ah-oh*  mh  lotth.  h\uv, 
100  €C.  pntsAh  »oluticm  1 :  10,000  (0*01  p<r  emit* 
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Cultures  on  potiito  assume  a  Vx^ht  choiydnh'  tint  (Fi^%  506),  The 
colour  reseiiibltfs  that  uf  IkiciIIiis  pvtHyai^eos^Town  on  the  same  medium. 

Inoculation. — Tlio  viruk'nce  of  thf  culiure  docs  not  seem  to 
decrease  with  age.  \^'heu  iooitihttecl  im  the  niisal  mucous  mtmlirane 
of  the  horse,  and  on  the  two  shotdders,  Locffler  and  Schiitz  (No.  93, 
1882  ;  ako^  Eutj,  TntnsL,  SytL  Soc.)  founcl  that  in  forty-eight  houi^s  the 
animal  showed  evidence  of  high  fever.  At  the  jmints  of  inoculation 
there  were  deep  uleer.s  and  the  knotted  cords  of  glanders.  In  eight 
days  there  were  pronotuiced  clinical  signs  of  glanders.  In  four  weeks 
the  lUcers  began  U*  iieah  and  the  animal  seemetl  to  recover. 
it,  however,  the  boily  was  found  to  be  tilled  with  gliniders  nodules. 

White  mice  appear  to  be  insusceptible,  but  the  common  gray  mouse 
takes  the  disease  readily. 

Siihcutaneoiis  injection  or  contact  of  the  virus  with  a  wound  is  the 
best  method  of  cornmunicating  the  ihsease.  It  can  also  be  conferred 
by  injection  of  the  bacilhis  into  the  trachea,  but  not  so  sirrely.  Babes 
(No.  046,  p.  23)  Hnjs  that  it  may  also  be  conferred  by  rulibing  the 
culture  into  the  skin.  The  bacillus  enters  by  the  hair  follicle.  It 
next  penetrates  through  the  epithelium,  and  makes  its  way  into  the 
lymphatic  spaces. 

An  inoculation  made  through  the  fikin  of  the  hoi-se  may  induce  an 
eruption  of  tubercles  on  the  mucous  mend»rane  of  the  nose. 

It  should  lje  men  tinned  that  the  discharge  from  the  nose  is  highly 
contagious. 

LiUrtUurr  of  Ota iuicrif.  — Babes  :  Arch,  de  med,  exn>k,  et  d'aimt.  path.,  iiL  1891, 
p,  619  ;  aho,  AntirilcB  do  rinstitnt  de  I*atti.  etde  BactmoL  dt*  Bucliurt-st,  ii.  1S93,  p. 
18.  Babes  and  Motoc :  .\ijii^iI«m  de  rinstititt  de  Path,  et  do  Bficti'riol,  tic*  Bm.'hflrest, 
ii.  lSJ»:i,  }p.  6:;.  Finger:  lli  itt.  /..  path.  Aimt.  il  z.  allg.  Pitth.t  vL  18Sl>,  p.  a75. 
Finkelstein  (Struu.ss'  iapi*l  J[<  tliud  uf  IHu^^iiosis)  :  CciitriiUil  I".  Ijaktoriol.  u.  l\ir;i- 
»ir»^]ikraiik,,  xi.  18SC2,  p  irjii.  Gamaleia  :  Aiitl  de  riiist.  l*tisttMir,  iv,  !8t'0.  p.  UKJ. 
Israel:  Berl.  klin.  AVorlinscln.,  xx.  l^Si,  jk  IfK^i.  Leclainche  and  Montana  : 
Ann.  iU  I'liist.  Pasteur,  vii.  lsti:j,  p,  4S|.  Loffler :  Aibvit.  n.  d.  k.  Cesuud- 
h^fatsiiint,  i.  lHSt>,  IK  141.  Loffler  and  Schiitz  :  I>etit.  iiml.  WnohiiHcbr.,  No.  52, 
18S2;  »fr  aim,  Knff,  Tran&L  N.  SyiL  Soc,  li>86,  ^i.  387.  Nocard  (InoiiilAtiun 
through  Skin):  Bull.  Soc.  ceiitr. 'de  merl.  vet,  viii.  1890,  p.  ;r2i.  Nonevitch 
(StAiniug  of  I'acillus) :  Airli.  vot.  tjaiik.,  St.  Peteraburg,  i.  im\},  p.  97.  Rabe 
(Hi!*toloj^n^^) :  .lahrt'slj.  d-  k,  Tliierarznt'ischido  zu  Majjtiver,  Bor.  t*,  \2,  and  Pi,  \>^11 - 
18>iL  Schiitz :  .lotiriK  Com  p.  Med.  and  Surg,,  vii.  1S86,  p.  IIKI  Tcdeschi 
(Inoculation  on  Contral  Xtrv.  Svst.)  :  Bcitr.  i.  jwth.  Anat  u.  z,  allg.  Path.,  xiii, 
l«y3,  p.  Mb,     Weichselbaum :  \Vien.  Wed,  Woohnschr.,  18S4,  p.  71A. 


Tetanus. 

1145.  Definition.^ -4  dmiue  common  h  most  of  thf  hifjh^r  vrrtehratf^ 
and  to  Man,  chftiotkris^d  hi/  ike  occurrence  of  spisn^&ik  rontrartion  of  the 
muftlt^  in  dijjhrot  parts  of  the  IhxIh, 

Vital  Phenomena. — The  disease  is  gener«ally  associated  with  » 
wound,  sometimes  nothing  of  the  kind  is  apparent.  The  wound  is 
sometimes  veiy  smidl,  and  is  often  located  oo  a  peripheral  part,  such  as 
the  finger  in  ilan,  the  foot  in  horses,  etc.      ^\*here  the  wound  has  he^3U 
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caused  accidentally,  and  where  a  foreign  body  such  as  a  Bplintcr  of 
wood,  soil,  etc.,  has  been  reUined  within  it,  the  danger  cif  tHo  occurs 
fence  of  tetanus  is  great.  The  spasms  niay  affect  pnicticully  the 
muscles  of  the  whole  body,  or  it  may  be  only  iMrli<!ukr  groups  such 
as  those  of  the  jaw  (trismus)  or  the  l«ick.  The  term  OpMkmim  is 
employed  when  the  back  is  arched  backwards,  that  of  En^pTodMtmm 
when  forwards. 

The  wound  may  be  in  a  putriil  state  or  not.  The  former  is  iJw 
commoner. 

Ihrnl  7>fttnu.<. — A  pecub'ar  variety  of  the  disease  has  been  descriliotl 
by  Ro«*e  (Na  644,  i.  2  Ab.,  p.  86)  tinder  the  above  uame.  The 
eases  are  characterised  by  a  wound  in  the  ncighlx^urhood  of  the 
twelfth  rninial  nerve  and  by  sympt4)ms  which  in  a  n»atmer  sixe  related  to 
those  of  hydrophobia,  such  as  spa^m  of  the  muscles  of  the  pbuynz. 
There  is  aleo  paralysis  of  the  portio  dura  on  the  side  on  which  the 
wound  is  situated.  According  to  Nicolaler  (No.  13,  cxxviii,  1^92, 
p.  15)  it  is  duo  to  the  same  bacillus  as  ordinary  tetanus,  and  he 
supposes  that  the  organism  elaljorates  toxic  substances  which,  as  to 
the  C4ii^e  of  diphtheria,  act  upon  the  facialis. 

Its  Pathology. — Since  the  days  of  antieeptio  surgery  telaBfla 
from  being  one  of  the  commonest  of  diseases  has  become  a  eomparmtiTf 
rarity.  The  disease  has  long  l)een  held  to  be  organismal  in  its  caQiti 
and  to  be  tonUgtous.  Attempts  made  by  Arloing  and  Tripier  to 
transmit  the  titsease  to  animals  by  the  inoculation  of  tetanus  pus  or 
blood,  however,  proved  barren.  Nocard  waa  also  unsucn^ssfnl  with 
cerebro-i^pinal  fluid  and  emubion  of  the  medidla  oblongata.  RcMenhadl 
succeeded  later  on  (No.  581,  1886)  in  eornmunicjiting  the  diseiAo  lo 
the  guine^i-pig  and  rabliit  by  employing  fragments  of  gangretlOQS 
tissue  from  a  tetanus  woitn<l.  He  wn»  also  enabled  to  continue  tbe 
disease  in  o titer  guinea-pigs  and  mbbits  from  the  pus  generat^Hl  in  the 
pocket  of  skin  formed  where  the  fragment  of  gsingrenous  tissue  had 
been  introduced. 

It  was  Nicola ter,  however  (No.  €G4),  who  discovered  what  we 
now  know  to  be  the  s{>eeific  agent  in  the  causation  of  the  malady. 
He  found  that  different  kinds  of  earth,  more  especially  ilrift  i$oiI  m 
fxnirtyards,  etc.,  contain  a  bacillus  which,  when  infJCtdatiMl  upoQ 
the  guinea-pig  and  rabbit,  gives  rise  to  characteristic  ti^UnusL  The 
contractions  commence  in  the  limb  inoculated  and  sub«ec(uetttJy 
extend  Death  tiikes  plare  in  three  or  fourdavrt.  The  various  orgaaa 
are  free  from  lesion.  If  some  of  the  soil  it^^elf  is  introduced  inio  a 
fKwket  of  skin,  the  sjinio  effeeta  follow.  Soil  which  is  sterilised  has  HO 
eflfecL  The  liaciUus^  curiously,  seems  to  act  most  efficiently  when  in- 
serteil  under  the  skin  on  a  splinter  of  wood  The  incubation  period  ja 
about  three  days. 

\Vhen  a  pure  culture  of  the  bacillus  is  employed  for  iooculiUioii, 
pus  does  not  develop  at  the  seat  of  puncturi%  and  the  liactlU  fumiilied 
with  spores  are  found  only  occasionally.    The  liactlli^  moreo%'«r,  an 
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fined  to  the  neighbourhood  of  the  wound.  The  blood  is  sterile  even 
when  inoculated  upon  the  dura  mater  after  trepanation  or  introduced 
by  venous  injection.  Mice  inoculated  on  the  tail  a  little  distance  from 
its  root,  do  not  contract  the  disease  if  the  tail  is  amputated  one  hour 
afterwards  above  the  point  of  inoculation.  After  this  time  amputation 
fails  to  ward  off  the  disease. 

The  period  of  incubation  in  the  mouse  after  inoculation  is  twenty- 
four  hours,  and  death  takes  place  in  three  days.  In  the  rabbit  the 
period  of  incubation  is  about  three  days ;  in  the  dog  two  days  ;  and  in 
the  ass  three  days.     Pigeons  do  not  contract  the  disease  readily. 

The  Bacillus.— Kitasato  (No.  581,  1889)  first  isolated  the 
organism  and  cultivated  it  artificially  in  a  pure  state.  He  isolated 
it  from  a  tetanus  wound  in  Man.  Besides  Nicolaier's  bacillus  the  pus 
utilised  contained  fifteen  other  organisms — three  anaerobic,  five  facul- 
tative, and  seven  aerobic.  The  cultivations  of  the  bacillus  of  Nicolaier 
alone  proved  effectual  in  inducing  tetanus. 

In  obtaining  a  pure  culture  the  pus  was  sown  on  stiffened  blood-serum 
and  kept  at  a  temperature  of  36°  for  forty-eight  hours.  The  bacillus 
was  thus  enabled  to  spore  and  to  resist  the  next  part  of  the  process. 
Having  assured  himself  by  inoculation  that  the  culture  after  this  time 
contained  the  bacillus,  he  subjected  it  to  a  temperature  of  80°  for  three- 
quarters  of  an  hour,  and  again  inoculated  upon  animals.  They  died 
tetanic.  A  certain  number  of  the  contaminating  organisms  were  thus 
killed  off  Some  of  the  culture,  so  far  purified,  was  now  spread  upon 
gelatine  and  placed  in  an  atmosphere  of  hydrogen  at  a  temperature  of 
20°  C.  The  bacillus  grows  rapidly  in  an  atmosphere  of  hydrogen,  the 
remaining  organisms  of  contamination  do  not.  Fure  cultures  can  thus 
be  obtained  and  transferred  to  fresh  tubes. 

Culture. — The  media  upon  which  it  grows  most  easily  are  agar, 
gelatine,  and  bouillon  if  rendered  faintly  alkaline.  A  puncture  growth 
on  gelatine  begins  to  fructify  at  a  depth  of  about  two  finger-breadths 
below  the  free  surface.  It  liquefies  gelatine  slowly  and  with  feeble 
disengagement  of  carbonic  acid  gas.  With  the  addition  of  15  to  20 
per  cent  of  glucose  its  growth  is  hastened.  The  cultures  exhale  a 
characteristic  odour. 

The  culture  colonies  at  first  are  somewhat  like  those  of  bacillus  sub- 
tilis.  They  have  a  thick  centre  and  are  surrounded  by  an  areola  of 
bristle-like  processes  extending  equally  in  all  directions.  This  appear- 
ance fails  later  on.  The  dark  centre  becomes  less  and  less  well  marked 
and  finally  vanishes ;  only  a  few  isolated  rays  are  to  be  noticed,  and 
the  colony  comes  to  look  like  that  of  a  mould. 

It  increases  rapidly  at  a  temperature  of  from  33°  to  38**  C,  and 
develops  spores  after  thirty  hours'  incubation.  At  a  lower  temperature 
the  colonies  develop  later,  and  sporing  takes  place  only  at  the  end 
of  a  week.  At  from  1 4°  to  1 6°  (3.  the  bacilli  take  the  shaj)e  of  little 
straight  rods  isolated  or  in  long  filaments  with  a  slight  swelling  at  one 
end ;  but  at  higher  temperatures  a  round  spore  develops  at  one  end. 
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which  imp^iit;^  t€  the  rod  a  (Irum^ticklike  appeaiunce.     So  long  mi 
they  are  free  from  6|>ore8  they  iire  slightly  motile ;  the  movpmiMit  i» 

Ite^t  seeu  at  a  tt^mp^mture  of  38'  C^ 
and  disiipf>ears  tin  sunn  u  tlio  fpora 
present  themselvt»<  They  ooloitr  wisb 
the  usiiiil  rengeiit«.  The  spores  proiervii 
their  vitality  for  three<|iuirter«  of  ui 
hunr  at  ^0'  C,  but  five  mioutei  of  m 
trmpernturc  nf  100'  C.  kills  them.  A 
50  per  c«nt  curlKilic  itcid  solution  killi 
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stroys  them  in  ihjee  hourss  ur  in  thiity 
minnteA  after  the  addition  of  5  per  em$t 

r.o.  m,-r^.nv.  n*rn.u,  moM  *  hydrochloric  acid.  .       ,     ,        , 

ccLTrmr  OK  AfiAM,  •itnwmi  A  H^nitit  It   should   1)0  mentioned    that  lilt 

AT  niif  w»u  "F  KArw  iiou,  *i«t>  »jiviK*t   (Dnnatimi  ul  a  spore  at  one  «D(1  jft  not 
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and  Fracnkel:    Bcil.  khu.  W    ...,  xxvii.  \i<m,  ik  iml     ^ cr   FamSua 
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C«tUiii  TrcAtinrnt  with  Antttoxui) :  CentrnlbL  t  \Uktvr\iA.  u.  Pai 
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Rabies  and  Hydrophobia  {lyssa,  fr.  Xvaxra,  canine  madness). 

1146.  Rabies  is  a  disease  occurring  mostly  in  the  canine,  less 
frequently  in  the  feline  race.  During  the  progress  of  the  malady 
a  specific  virus  is  engendered  in  the  saliva  of  the  animal  which, 
when  implanted  in  a  laceration  of  the  skin  or  an  abrasion  of  the 
cuticle,  conveys  the  disease  to  other  animals  and  to  Man.  In  the 
latter  case  the  disease  is  known  as  Hydrophobia  (vStop,  water,  and 
<f>op€tjD,  I  fear).  After  a  prolonged  incubation  period  the  disease  begins 
to  manifest  itself  by  pain  in  the  bitten  part,  excitement,  feverishness, 
inability  to  swallow  liquids,  and  great  prostration.  It  invariably 
terminates  fatally  with  a  tendency  in  the  lower  animals  to  bite 
(Williams). 

There  is  a  variety  in  the  dog  known  as  dumb-rabies  in  which, 
over  and  above  the  ordinary  symptoms,  the  jaw  drops  from  paralysis 
of  its  muscles,  and  a  similar  motor  paralysis  occurs  in  the  muscles  of 
the  palate.  It  gets  its  name  from  the  animal  being  unable  to  bark  or 
howl. 

The  sttmach  of  the  animal  is  found  to  contain  quantities  of  foreign 
matters,  such  as  straw,  stones,  etc. 

The  pathology  of  this  disease  is  quite  unknown.  With  the  excep- 
tion of  a  minute  vesicle  which  occasionally  forms  on  each  side  of  the 
under  aspect  of  the  tongue  in  Man,  and  which  may  ulcerate,  there  is 
no  evidence  of  gross  anatomical  lesion.  An  accumulation  of  small 
round  cells  in  the  neighbourhood  of  the  small  blood-vessels  of  the 
central  nervous  system,  more  particularly  of  the  medulla  oblongata  and 
spinal  cord  (Coats,  No.  604,  p.  571),  has  been  noticed. 

So  far  as  we  know,  it  is  always  communicated  from  one  animal 
to  another ;  it  apparently  does  not  arise  without  some  previous  living 
source  of  contagion.  There  seems  to  be  almost  no  limit  to  the  animals 
which  may  fall  victims  to  it  when  bitten.  Thus  Man,  the  monkey, 
dog,  wolf,  fox,  cat,  mbbit,  guinea-pig,  ox,  horse,  sheep,  skunk,  and 
many  others  widely  separated  in  genealogical  history,  have  all  shown 
their  susceptibility  to  it. 

In  Man  the  incubation  period  extends  from  four  to  six  weeks.  It 
is  followed  by  the  stage  of  invasion,  which  is  succeeded  by  that  of 
excitement,  to  terminate  in  about  four  days  after  the  advent  of  the 
initial  symptoms  in  the  collapse  of  the  individual.  During  the  progress 
of  the  disease  the  most  evident  symptom  is  that  of  increased  reflex 
excitability.  So  great  is  this  that  a  draught  of  cold  air  or  the  glitter- 
ing of  a  bright  object  is  sufficient  to  throw  the  individual  into  tetanic 
convulsions.  The  pharyngeal  muscles  are  sometimes  so  firmly  contracted 
that  the  individual  is  unable  to  swallow  even  a  draught  of  wat€r,  hence 
the  term  hijdropJwhia. 

Pasteur's  preventative  treatment  of  the  disease  is  referred  to  under 
Immunity  from  Disease  (see  Sect.  1128). 
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Literature  m  Rahitt  and  Hydntpkithia. — Babes :  Anu.  dr  Fliut.  P««t«tir,  ii.  1$Q4 
p.  894  ;  Arcli.  t  fiath.  Atmt.,  ljl.  U^l,  \%.  562.  Babes  and  Cherches:  Amu  d« 
I'InsL  pHstiHir,  V.  18»1»  p,  625*  Fleming;  Vet.  Juurn.  and  Aijn.  Oamtx^  f^tb., 
3UtxiiL  1891»  j>.  153.  Fol :  Comp.  iTiid,  Acad,  J.  Se.,  d.  !»»:>,  |s  127«,  Hinie 
(Pasteur's  Atitirabic  tiiotuliihoiis) :  T^Dcct,  l^HlJ^  ».  j*.  U»7o.  Nocard  and  Roux : 
Aon.  de  ri list.  PikHtirur,  ii.  IN8S,  p.  ^41.  Fasten r :  Ann,  di-  riij*l.  1*4*11  yr.  t- 
1SS7,  p.  1.  Report  by  Select  Conunlttee  House  of  Lords  on  Rabtea  in  Do^m, 
1887*  Ronx  (ItHMnilutToii  a^HiiiHii;  Wicii.  riii«d.  iVrssc.  xxxiL  IJsyi,  p.  Mii, 
Roux  and  Chamberland  :  Ann.  dt^  V\m\>  pjuftour,  li  188^,  p.  405.  VlaXa  (*' 
of  Attcmmliou  ol' Sp.  Cunl*) :  Ami.  de?  riuat.  Poiitcur,  v.  1S1»1,  p»  tii**i. 

Anthrax  (CfeirJew). 

1147.   Definition. — An  nimiuhj  fnUd  sj}frifir  roHtivmus  iii^tn^^  n 
to  thf  Bacilhin  ^Inihiaa^^  and  romnutn  h  tt  innjr  ftumfrr  **f  //w  ifntmmalm 

The  iliaeatie  appiirently  bis  existed  from  the  reuuiLi^t  timea  It 
was  undoubtedly  known  to  the  ancients,  and  in  the  sevtmu*cnth  anti 
eighteenth  centuries  ajiix^ars  to  have  spread  in  an  epidemic  form  over 
eeYsral  pakvls  of  Eiu  ope.  At  the  present  time  it  is  endemic  in  Siberia* 
France,  Hungary,  and  ludy,  and  is  becoming  more  so  in  thia  oouoljy 
than  previously  wais  the  c<ise. 

The  animals  chiefly  affected  itre  the  shce^^  ox,  home,  gainer* 
pig,  rabbit,  and  in  a  limited  niefisure  the  pig.  Th<'  dog,  the  goat|  aad 
the  Algerian  variety  of  sheej)  seem  to  l*e  in  great  jjtirl  proof  ^g^inf! 
the  disease.  The  young  rat  can  l>e  inoi!ulated,  bnt  the  adult  gmy  and 
whiti'  i*!iUs  are  pmciically  iniinune.  The  nioum;  i»  proUddy  more  sua* 
oeptible  thai)  any  othei  aniniaL  The  frug  i»  ahto  immune  in  ita  natttral 
state,  but  when  its  t^uiporaturo  if^  raided  apparently  can  also  lie  iiKicu- 
lated.     Binh  as  a  nde  arc  iiatundly  insusceptilde. 

Features  of  the  Disease. —  It  assumes  many  outwaitj  gar^ 
indeed  j>o  many  that  the  detmiustratiun  of  the  presence  of  the  b^JdUua 
ii  the  only  reliable  criterion  of  diagmme^.  In  thr  Igwer  aniiiMJa  then 
ia  usujdly  an  aliHenee  of  extenud  uiariifes tuition  so  far  aa  actua]  loaioii 
is  concontui].  The  animal  uuiy  drop  suddenly  and  die  in  a  few  lionBi 
without  .^uspieion  of  having  been  previously  ill 

In  Man  alone  is  there  a  characteristic  cxteroal  leaion,  and  11  corre^ 
A(>ondti  with  the  fKiint  of  inoculation.     The  disease  is  cor  ' n  jhlaii 

from  the  lower  animals,  and  generally  shows  itsrlf  in  t%  or 

ill  those  engage<l  in  dressing  hiih*M  or  the  pn-fMrai  ion  of  wi>ul.  The  li)cal 
manifestation  is  known  as  malignant  pustule.  BeaiiJea  the  akin 
there  are  other  two  clmnnids  thn»ugh  which  it  may  be  (?tiniinititiaited« 
namely*  the  respimtory  and  the  alimentary  traetSL  What  is  known  aa 
Woolsorter's  Disease  baa  been  shown  by  OreenfieUl,  Buchnrr,  and 
others  Ui  be  anthii&x  conimunicated  by  «me  or  the  other  of  tbete 
clitinnels  of  invaMon.  An  anthracoid  pneumonia  tnay  l*e  excttenl 
by  the  presence  of  the  lijicillus  in  the  lung  ;  or  maltgnant'{mjitide<Uke 
in&ttrations  may  occur  u}M*n  the  coats  of  the  intestine*  H-Tmnltniri, 
hawevery  the  latter  are  metastatic  in  their  ongin,  and  are  to  be  naprded 
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simply  as  evidence  of  the  organism  being  ^videly  spread  abroad  in  the 
blocKi.  At  other  times  they  seem  to  be  due  to  ingestion  of  the  Rpores, 
The  bacilli  are  destroyed  evidently  in  the  stomach  ;  they  fail  to  pass 
that  organ.  It  is  said  that  the  cause  of  their  destruction  is  the  hydro- 
chloric acid  contiiined  in  iu  seiretion.  This,  however,  would  appear 
to  be  negativeil  liy  I>rymurit  a  observations,  to  the  efteet  that  anthrax 
spore?*  retain  their  virulence  after  lying  in  a  1  per  cent  solniion  of 
hydrochloric  acid  for  a  periotl  of  forty-eight  hours.  The  amount  of 
hydrochloric  acid  in  the  gastric  secretion  is  ranch  less  than  this.  The 
organism  niay  be  found,  nevertheless,  in  the  wall  of  the  stomach. 

The  disease  of  rag-pickers  {Ihuhnukmiikhrit)  in  tJermany  is 
Bometimes  alleged  to  be  anthrax.  There  is,  however,  ditlerenee  of 
opirdiiri  on  this  point,  some  observers  looking  uiwu  it  as  malignant 
o&denia. 

Of  all  methods  of  artificial  communication,  that  of  inoculation 
by  introduction  of  the  virus  into  a  pocket  of  skin  seems  to  be  nuist 
,  effectual.  On  being  swallowed  the  spores  may  fail  to  octcasion  the 
disease.  When  sprayed  into  the  atmosphere  and  inhalefl  by  animals 
they  sometimes  take,  at  other  times  fail  to  do  so  (Bnchner).  Itijectiou 
of  the  organism  into  the  trachea  seems  to  be  a  more  ready  methti<l  of 
communicating  it  (Muskathliith) ;  injection  into  the  circulation  or  into 
the  pt'ritonciil  cavity  seldom  fails. 

In  Man. — When  inoinlated  upon  the  skin  of  Man,  as  just  said,  it 
induces  the  formation  of  what  is  known  a^  malignant  pustule.  At 
the  point  uf  intriMluction  there  shows,  within  a  fiw  hours,  a  little  red 
spot  like  that  resulting  from  the  bite  of  an  insect,  followed  in  course 
of  time  by  a  minute  vesicle.  The  parts  in  the  immediate  vicinity 
may  become  infiltnited  with  inflammatory  elusion  ;  they  are  red,  hard, 
and  bmwnv-  The  tishues  around  this  are  probably  sound,  but  some- 
times the  inflammatory  focus  of  swelling  may  bo  encom[)assed  by  a 
T'lse-red  areola,  or  the  redness  may  s])read  over  an  entire  liml*.  The 
1y  ra[>h:itics  of  tlu^  liml*  may  l>c  red  and  in  flamed.  The  aft'ected  area 
next  becomes  gangi^enous  and,  possihl}^  black  coloured.  Cnttitig  into 
ii  is  unattended  by  pain.  Crops  of  secomlary  vesicles  show  them- 
selvos  round  the  primary  focus,  and  when  so  the  chains  of  lymphiitics 
become  involved  us  iihove.  As  soon  as  the  epiilermis  gives  way  the 
infiltrated  area  begins  to  suppurate,  pus  is  discharged,  and  the  mass 
eloQghs. 

Examined  microscopically,  the  bacillus  is  found  to  be  most  abundant 
in  the  papillarj'  layer  of  the  skin.  The  epidermis  is  usually  free  from 
it^  and  it  decreases  in  frocpiency  in  tlie  deeper  layers  of  the  skin  and 
subcutiiueous  areolar  tissues.  The  bacillus,  however,  is,  in  the  large 
majonty  of  cases,  limited  in  its  distrilmtioii  to  the  iiiflltrated  area.  As  a 
rule,  it  is  absent  from  the  blood,  and  in  this  respect  the  disease  of  Man 
differs  from  that  of  the  lower  animals.  A  barrier  of  small  round  cells 
gathers  round  the  focus  of  inflammiition  and,  it  is  said,  limits  the 
8[>rcad  of  the  bacillus.     When  the  organism  is  inoculated  on  the  skin 
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of  animaU  such  as  the  moiide,  there  is  no  such  local  i^eacUon.  Tboso 
ea£68  where  the  bacillus  re  mains  locjilis^d  usually  recover,  llie  slough 
separates  and  the  pirt  cicatrises,  Such  a  happy  issue,  however,  is  not 
by  any  means  invariable.  In  certain  cases  the  l»acillus  pass<»  the  pto* 
fective  barrier  and  ramifies  in  tEie  l^lmnJ.  When  this  is  the  Cftse  the 
individual  usually  dies. 

So  circumscribed  is  the  area  containing  the  W'illi  that  Incml 
excision,  the  application  of  the  c^iut^ry,  or  strung  germicidea  may  lie 
effectual  in  erad icatiug  the  disease. 

On  the  advent  of  suppuration  staphylocixxi  and  streptococci  nmke 
their  api>earanco  in  the  part.  It  is  con*idere<l  that  they,  nut  the 
anthrax  Ikficillit  arn»utit  for  the  ^uppuratiitn,  They  are  not  aean 
previous  to  the  time  when  the  ejjidennis  gives  way. 

State  of  Internal  Organs.  — hi  animids  the  internal  OffgMI 
which  i^hows  mo^t  evident  legion  in  the  8ploen.  It  becouies  swolleil 
and  turgid,  and  huge  apnpte\ic8  aie  effUKed  into  its  suhstanos.  Tlie 
term  splenic  fever  ov  splenic  apoplexy  is  sometimeB  afiplied  to 
the  di>ioa.se  in  iicrnniuncr  with  this  'I'he  other  orgpuia  Bwiy  not  bbow 
any  very  marked  deimrtiire  finni  their  natural  state.  The  ^Mjlli, 
however,  accumulate  in  them  mure  tlum  in  the  bliMKl  gencTAllj.  Tin 
capillaries  of  the  lung,  liver,  and  kidney  are  chnked  with  them,  while 
they  pervade   the   splenic   pulfK      In   the  kidney,  the   veAei4*ls   of  the 

glumcndi   are   those  in   which  they  are 
most  abundant.    Theyaf*  urni 

out  of  the   renal   blood   i  >   U> 

accnmnliite  within  them  ^Fig.  565;. 

The  Bacillus.— Pollender  genermlfy 
^*U  the  crodit  of  discovering  it;  tie  » 
sjiid  to  have  recognised  it  in  the  yair 
tH4D.  But  lUyer^  Bratif>ll,  and  lh%v^]iie 
becunie  familiar  with  it  all  about  tim 
H^me  time  fnee  Hibliog.).  B4^ing  imtiMtbSiv 
the  iKK-illuu  wsiA  nustaken  in  bvgoni^  limm 
for  54miething  of  a  crystaUtne  nature.  It 
waji  r>avaino  who  showed  the  relationahtp 
of  the  organism  tt)  the  disease. 

It  h  a  t«t  might  or  somewhat  trre* 
gularly  outlininl  nnl  mea^iring  from  5  to 
'JO  fA  long  by  1  to  1  .'i  p  bniaii,  Tlie 
diameter  differs  according  to  the  medtum 
it  w  grown  upon.  The  individual  Ijaeilli  in  the  bloixl  art?  ajsirl  iir  in 
coujdes.  They  art*  liniad  at  curh  end,  truncated,  and  slightly  mpified, 
«o  tliiit  when  they  are  unite<l  in  couples  the  eu[viihape<l  ends  eticloee 
a  lenticular  space.  The  ends  are  also  sharj»ly  cut  off,  not  roomled 
(Fig.  584).     As  jn<jt  remarked,  they  are  aUo  immobilcs 

The^e  features  Aerve  to  distinguish  it  fnun  any  other  bAcUloa*  ll 
must  be  rememl>ered,  however,  that  in  order  to  see  the  aboTe  points  tl 


i 

i 


MatittK,  «Nuwimi  TMn  amiAML'tir 

AKl*    T»P!»rATin>     %ntm     or     ma 
ll4Ciia.t.      ssnciui.    llUMiu    C<»ii' 

(/,  oil  I  mm,  t'much,  (K*.  I,  Bjirtk. : 
TViilvlh  aUiiiiiig). 
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is  necessary  to  examine  the  organism  in  fresh  blood  unstained,  or 
stained  in  vesuvin  or  Bismarck  brown.  When  stained  in  gentian- violet 
or  fuchsin  and  clanfied,  the  capsule  is  not  brought  out  well  and  the  ends 
appear  rounded  (Fig.  576).  It  is  the  capsule  which  imparts  the  trun- 
cated square-cut  features  to  the  ends.  The  advanced  forms  are  always 
immobile.  Those  which  are  younger  have  been  said  by  Toussaint  and 
Ewart  to  be  slightly  mobile.  The  bacillus  stains  with  basic  aniline 
dyes,  and  is  not  decolorised  by  Gram's  process,  provided  the  prepara- 
tion is  not  left  too  long  in  the  decolorising  iodine  solution. 

In  the  blood,  the  organism  always  exhibits  the  character  of  a 
bacillus,  but  when  cultivated  artificially  it  passes  through  the  other 
stages  of  its  life  history.  These  are  the  elongation  into  threads  and 
the  development  of  spores.  The  threads  consist  of  long  rods  jointed 
together.  They  interlace  in  such  a  manner  that  they  become  woven 
into  a  tangled  mass  or  felt-work  of  extreme  complexity. 

Its  Culture. — The  organism  is  aerobic,  but  not  exclusively  so. 
The  deep  part  of  a  puncture  culture  grows  luxuriantly.  It  fails  to 
grow  below  12''  C.  or  above  45°  C.  The  medium  should  have  a  neutral 
reaction  or  be  faintly  alkaline.  The  growth  is  retarded  if  the  reaction 
is  acid. 

It  flourishes  on  a  variety  of  media.  The  most  distinctive  growth 
is  seen  on  agar  or  glycerine -agar  kept  at  a  body  temperature,  and 
always  most  characteristically  when  taken  fresh  from  the  blood.  In  a 
puncture  inoculation,  the  culture  spreads  along  the  entire  course  of  the 
needle.  On  the  surface,  it  spreads  out  in  a  delicate  gray  film,  but 
along  the  needle  track  throws  out  numbers  of  ray-like  processes  or 
arms  into  the  surrounding  medium  (Fig.  504).  At  the  tip  of  the 
needle-line  a  stellate  bunch  of  these  is  sometimes  seen.  In  gelatine 
kept  at  an  ordinary  temperature  the  same  appearance  can  be 
recognised,  but  is  not  so  evident  as  when  the  culture  is  made  in  agar 
and  at  a  body  temperature.  The  bacillus  liquefies  the  gelatine,  nearest 
the  surface  first,  spreading  equally  downwards  afterwards. 

On  potato  the  gi'owth  assumes  the  appearance  of  a  gray  silky  film 
which  in  a  manner  is  typical.  In  bouillon  the  organism  falls  down  to 
the  bottom  of  the  vessel  in  a  cloudy  precipitate.  On  stiffened  blood-serum 
nothing  very  remarkable  is  noticed,  unless  the  fact  that  the  culture 
slowly  liquefies  it. 

The  colonies  on  plate  cultures  at  first  have  a  somewhat  sharp  border, 
but  gradually  begin  to  assume  a  wavy  appearance,  with  innumerable 
tortuous  branches  coming  off  from  the  margin  almost  like  the  colony 
of  a  mould. 

Sporing^. — The  organism  spores  only  in  presence  of  free  oxygen  ; 
it  does  not  tend  to  spore  in  the  living  body.  The  medium  most 
favourable  for  sporing  is  potato,  and  the  best  temperature  is  30**  C. 
It  will  not  spore  below  24°-26°  C.  (Koch,  18°  C).  When  cultivated 
under  proper  conditions  spores  develop  within  twenty-four  to  forty- 
eight  hours.     A  clear  speck  or  spot  appears  in  the  protoplasm  of  a 
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threiul,  usually  on  either  side  of  a  joint  (Ewirt,  No.  0,  xviiu  If^lS, 
p.  liU).  This  enlsirges.  Incomes  providtnl  with  a  doubk  tmMtihraiie» 
and  finally  i!*  di^char^tni  hy  the  membtjrs  of  the  thread  g^iving  way. 

When  matured  the  H[)ore8  are  hij:hly  refractile  Ijodiesof  oval  Hha|N* 
which  do  not  readily  >st4dn  vr\ih  ordinary  aniline  dyc8.  If  they  arc 
coloured  by  thera  the  stjuii  is  lost  by  (» ram's  method.  They  can*  how* 
over,  l>e  coloured  differentially  by  several  methods  (aee  voL  L  p. 
134K 

They  are  very  resistant  to  most  agents  huving  a  geimiciiial  octiofi* 


^r.^ttjf; 


I  I  •  or  KitniTr  (j<iOODt«iitt.> 

(o)  Vau  afTirnriii  chukwl  with  thr  Unetllu*;  (h)  ihtrntiibular  aitiilUrirA  hi)l  of  t-h*  ori»alMi  ;  |i1 
buorinf  (uIm  (Onm't  ll«tltcid  aihI  CbrlOcd)^ 


Thus  they  are  kiilet]  by  dry  heat  only  after  cixfMisurc  for  thn*^  h  r  -  Ui  % 
temjM^mtun?  of  140  C,  while  the  liaeilluf*  |*crishes  aftcT  one  iiiio  a  half 
houm  at  a  UnnjM.'nitur'e  of  100  (\  Tlio  siwnrtt  are  kille^l  wheti  ImiiU**! 
for  a  few  mirtutej^,  the  spore -free  orgimii^m  afl<.'r  l)ein^  exjMj^etl  tu  » 
moirtt  atm<i^phere  at  a  temperature  of  55  to  CO'  L\  for  the  f«aitie  time. 
The  sjiore*  are  not  destroyed  in  ptitrid  suhHtJince«  after  b€in^  miseti 
with  them  for  months ;  thr  harilh\  on  the  other  hand^  are  vcri^  readtly 
destroyed  by  putrid  mirroundings.  It  i«  generally  held  to  be  the 
earbomc  aeid  developc.^1  in  process  of  |>utrcf action  which  i«  the  htkal 
agenU     The   bacilli  arc  very  smiceptibte  to  the  uuxioux  intltietice  o( 
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this  giis,  the  spores  are  iinintluenced  by  it.     The  spores  are   readily 
destroyed  l>y  l»right  sunlight. 

Life  History. — There  are  three  distinct  phases  in  its  devehiptuefit, 

nauielvj  the  /v^/  ^'/''fA'j  tlie  .^poye  singe,  i\ml  the  thirml  s^Uuj^,      Starting 

^with  the  rod  as  found  in  the  hlood,  it  is  seen  on  eultivjttion  to  elon- 


'gate  iiita  a  thread, 
being   liberated  agai 


Spires  show  themselves  within  this,   which  on 
1   elongate 

into  rods  and  thus  complete  the 

life-history  cycle.      In  elongat- 
ing, the  spores  at  first  lose  their 

sjmrkling,  highly-refractile  char- 

aeter^  proiiably  hy  the  absoip- 

tion  of  water.     A  projection  of 

the  contents  takes  place  at  one 

side.     The  exosp>riiim  or  onter 

C4ipsule  orives  way  and  the  sptU'e 

contents   protrude,  covered   by 

the   endosporinni.     These   then 

elongate  into  a  rod.      The  exo- 

sporium   may   remain  aclhereni 

for  some  time  to  the  rod. 

Sources  of  Contagion. — 

Cattli'  and  sheep  usually  acr|nire 

the    disease    through    lieeoming 

infetted    by   the    sjKires.       The 

spores  are  resident  on  herbage, 

and,  taken  into  the  alimentary 

oiTial,  they  gain  entrauee  to  the  circiUation  through  the  intestine.  It 
,  is  generally  supposed  that  the  organism  may  grow  as  a  sapro|»hyto  on 
^  de^d  vegetidjle  matter.      Further  evidence  of  this,  however,  would  ho 

necessary  Ij^fore  concluth'ng  that  it  is  so.      More  probably  the  spores 

are  derived  from  the  dejecta  of  infected  animals,  from  shed  blood,  or 

from  the  carcases  of  animals  which  have  died  from  the  disease.     The 

spores  develop  in  the  hk>od  and  tissues  readily  enough  if  exposed  after 

death.     From  these  sources  they  become  attached  to  herliage  or  buried 

in  the  soil,  and  from  time  to  time  are  consumed  by  fresh  hosts. 


•wj 


OONTAIXISO  erOREi*.      >LaKY  OF  TIIK  SIHIROh"  A-tlB 

AL«o  LViNo  FREE  (^  Iiomog.  ijuju.  Cr<mch,  Xo. 
4,  Oc,  Uiirtk.  ;  il^mbly  Htali]i)<l,  tim  j(|KJren  with 
furhsir,  the  tlirwuls  wiOi  mcOt>l*MiH  hlue)t 


Faattur'9  e,rjttrimritt)i  go  to  show  thut,  even  wht'n  the  carcAses  of  ftntnmls  dead 
of  ttntlir&x  Are  buried  at  a  fleivth  of  7  fet*t,  tli«  gr&as  i^awii  over  the  gruve*  amy 
jutive  miource  of  coutjifdiAii  t\i  iiniiimls  feitiin^  U|ioii  it  sotiietliiiij;  like  two  years  nfter- 
wards.  He  su]>j»oaea  tlint  the  earthworms  bring  the  !*porea  to  the  stirfftee,  aiic!  that 
thry  are  sprend  l>rooileA«t  through  theij  ^lejeeta.  Ho  statetl,  ia  coulirrtrntiofi  of  this, 
Umt  thti  sijuinns  of  the  mrthwomis  found  in  the  soil  over  the  ^nves  coutnined 
tithtut  gpores,  and  that  these  were  eaptlde  of  comaiiuiicntiiig  th*'  ihsease  to  gninia- 
Wgs.  The  earthworm  de-seend.s  di'€<|jly  in  wavni  weather,  and  hring»  tip  vtiith  to 
he  siirfaco  iu  its  aUmeDtary  eaiiul.  Darwin  found  that  a  depth  of  more  thnii  3 
bches  of  this  worm-mouhl  biwl  accumulated   on   the  surface  in  a  sjiacc  of  firteen 
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Flies  and  insects  generally  have  Wn  suggcfitec]  as  n  mefuvi  1 
communicating  the  discaKe,  Imt  thero  is  riti  very  dirt?ct  tnklence  uf  thi» 
beirtg  the  ciLse. 

The  dangt-r  from  wator  st-t'ms  to  bt^  very  slight*  although  ihf 
experimenlH  of  Fmnkland  and  ^rarghali-Wanl  (No.  149,  liiL  Ii*^3, 
p.  164  rt  ><^<7,)  appciu*  to  show  that  neither  in  the  fomi  of  Uictlli  nor  of 
8|>ore8  is  the  organisin  destroyed  forthwith  when  placecl  in  ymltf. 
The  spores  may  retain  their  vitality  in  water  for  a  matter  of  months^ 

It  used  to  lie  supposed  that  thr  placenta  acted  us  a  pt*rii*ct  lilu*r  of 
the  organ tBii).  The  ftetus  was  held  t<»  be  always^  free  from  the  IjticUlitt 
when  the  mother  was  infected-  Further  evidence  has  gone  far  lo 
rli^i trove  thi8.  It  i^  8aid  that,  in  some  iuHtances,  the  fcetua  has  been 
found  contaminated  fiTjm  the  bloocl  of  the  mother^ 


Lit^ratuTt  frn  ,^/«^AniJ".— BolHng-cr  :  Ci'iitr»lt»l,  f.  d.  fw«K  Wi*-*" 
417      Brauell:  An^li,  T  i»jith.  Aunt,,  %i.  \s:u,  n.  132:  Ihui.,  tl 

BuchneriCnuwofSiHjreForamiion) :  Sitnmgsb,  <L  Ut'scllBch.  f.  i^  _    i'4 

in  Miincheu^  vi»  1891,  (>.  87  ;  aho^  LVb.  d.  cxper,  Erfc^u^ung  d.  MdjeUmtidcuiiU^ufu* 
tttid.  Heupilxcn,  3»S0  :  aim,  Ktah.  L  \mih.  Aant.,  xci.  \^H\  p.  4ia     CbainrcttB : 


VUc\\\  mens,  de  nud.  ti  cliir,,  iti.  IM7U,  p.  H4t* ;  fi/*o  ( Refti»tAiieii  of  Alp-rua  8li«t]i), 
I    mid.  Aciid.  iU  S<\,  xc.  18«0,  pi».  l»J»rt,  Ifri** ;  /i'R.  xH.  i»ii    33,  14«,  Mi. 
e4sH/   DaTmine:   Coiript.  mnl.   S*k%  il<*  bioL.  v,  1863.  p    145»;  «/*!*,  HulL  , 


Oompl  fi'iid.  Aciid.  d«»  S<\,  xc.  18«0,  pp.  l»J»rt,  Ifrifi  ;  Ibui,,  xH.  jiji  33, 
<MsH.  DaTmine:  Coinpt.  n?nil.  S«k%  il<*  bioL.  v,  1863.  p  145»;  ntm.  Hi 
il«  Mi'd..  XXXV.  r^7ft,  p.  471  ;  /A«v/.,  ix.  IH.hO,  p,  757.  Ewmrt :  *^uart,  loam.  Mlflk 
So.,  xviit.  \%li<,  p.  1($1,  Greenfield:  Proc.  Kov.  8oc.  Lotid.,  x\x.  19110.  ^  Wi 
Brit.  MihI.  Joum.«  1881.  i«  p,  S  H  arq,  Klein:  Ucp.  Med.  Oif,  Ufaltb  t^  Loaa 
Got.  Bo*rd.  1881  ;  aln,  Prftctitionrr,  1SM4,  Koch:  Mitth.  a,  d.  k  <^r^afiMC> 
•wnt,  i   IMRl,  p,  4i».     KostjuflJl  (Cu»v  by  Pnj^lni  fH  ot  ['uthf*.*  r«]|4«  C 

B*kl4?riol.  ti.  PAnisiti'iikfTnik.,  %.  I^Pl,  pp.  f*r»:],  Mit».     Momont  11 

tiott,  Air,  itiid  Li^htrmj:  Ann.  de  Ttniit.  Fiiitrur.  vi.  1892,  p.  '.^1.  Fhisaiix  loifl 
of  He/it  on  StK>nng) :  AreU.  de  pbviiol.  norm,  ct  jiatb.,  v,  1SI>8,  pp.  217»  28?. 
PoUender:  \  rtlischr.  f.  gcrichtl.  u'tAt  M*^l.,  viii.  1855.  p,  lOS,  Kijcr:  Mtm. 
d#  k  S(>t\  d<^  Biol.,  ii.  lM5a,  p.  141.  Tousaaiot :  Tontpt.  n^nd,  AiOacl*  d.  te.,  Usiv. 
U77,  p,  416;  /fmt.,  p.  107<I ;  /Aw/,,  Ixjisvi.  l^7H,  in  7*25;  /6i<  xH,  7^V^.  p  1S$ ; 
Vet.  J.  and  Ann.  0>mji.  Path,,  xi.  1880,  i*.  149,     Ward  f  Actj.in  *'  '^^ 

Roy-  8oc..  Hi.  1892  93,  p.   893  ;  a/w.   /6iW.,  liji.   1J*93.  p.  23.     W    /  t>i 

Ztichr.  f.  Hyg.,  xi  18W1  92,  p,  381.     Wissokowicz :  Foii»eUr.  d    M'-U.  %.   l»rt, 
pp.  411 J  4fiL     8er  alao  Literature  undoi  '*  Atteriimtiou  of  Virna,**  Chap.  IX, 
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1148,  Thw  IB  a  diseaae  of  cattle  which  fnr  long  traa  conf 
with  true  anthrax.  Both  arts  lAacilltry  disivi84'i<,  hut  the  Wnliut  of  Ilia 
one  has  no  connection  with  thut  of  the*  other.  The  Iweilltis  in  the 
ease  of  this  disease  is  known  aa  tho  B.  ChauvaeL  It  its  atiyJIer  Uua 
that  of  true  anthrax. 

Th<^  disease,  unlike  tnio  anthrax  of  the  bovine  raec^  ir  characteriacd 
by  A  h>cal  tcdion  at  the  \x>iut  of  incK^ulation.  Thi^  is  tisiiallT  attoalBd 
on  a  hind  ijiiiirt^T,  and  consists  in  a  huge  carbuncle  liko  swelling.  In 
0ourse  of  tini*?  the  inftltnit^d  jmrt  becomea  gangrenous  and  *!i.ii  d.- 
very  much  as  true  anthrax  carbuncle  doca  in  Man*  During  th^ 
that  the  gangrene  U  developing  much  g^  U  evolviHl,  >>  ^ 
dlough  becomeB   emphysematous  and  craddea  when    imu 
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swelling,  at  first  painful,  becomes  absolutely  painless  in  the  gangrenous 
stage.  The  animal  exhibits  signs  of  fever,  muscular  rigidity,  trembling, 
etc.,  followed  by  collapse  and  death.  Curiously,  true  anthrax  and 
symptomatic  anthrax  may  affect  members  of  the  same  herd  of  cattle 
simultaneously,  a  coincidence  which  probably  had  much  to  do  with 
their  supposed  identity. 

The  disease  has  been  studied  by  Arloing  and  by  Cornevin  and 
Thomas,  and  they  conclude  that,  in  its  pathology,  it  resembles  a 
septicaemia  more  than  anthrax  does.  The  spleen  and  liver  are  found 
to  be  almost  normal  and  the  blood  is  little  changed. 

The  organism  takes  the  form  of  straight  rods  1*5  to  5  or  6  /a 
long  by  '5  to  1  ft  broad.  It  occurs  isolated  or  in  couples.  It  is  very 
mobile,  a  feature  which  at  once  serves  to  distinguish  it  from  true 
anthrax.  It  is  also  a  true  anaerobe.  Many  of  the  rods  enclose  spores, 
so  that  the  rods  come  to  have  a  swollen,  irregular,  or  fusiform  appear- 
ance. It  grows  readily  on  veal  bouillon  and  on  glycerine-agar  (g^lose). 
During  the  time  of  growth  it  evolves  much  gas,  and  the  culture  has 
a  penetrating  acid  odour.  It  liquefies  gelatine.  The  virulence  con- 
tinues to  the  third  generation ;  after  this  time  the  organism  becomes 
quite  innocuous.  The  virulence  returns,  however,  if  a  little  lactic  acid 
be  added.  It  is  alleged  that  the  lactic  acid  acts  by  being  negatively 
chimiotaxic,  and  so  preventing  the  approach  of  phagocytes. 

The  organism  is  found,  as  a  nile,  in  the  carbuncle  and  its  neigh- 
bourhood alone,  and  not  in  the  blood.  In  some  instances,  however,  it 
may  appear  in  the  blood  in  small  quantity  after  death. 


Eelapsing  Fever. 

The  disease  is  characterised  by  the  rapid  onset  of  feverish 
symptoms,  great  sweating,  pains  in  the  joints,  etc.,  ending  in  a  crisis 
on  the  fifth  to  the  seventh  day.  The  individual  remains  well  up  till 
the  twelfth  or  seventeenth  day,  usually  the  fourteenth,  when  a  relapse 
occurs.     Several  relapses  may  follow  the  first. 

As  discovered  by  Obermeier  (No.  50,  1873,  p.  145),  the  disease  is 
accompanied  by,  and,  as  later  researches  have  shown  (Weigert,  Lebert, 
Heydenreich,  Carter,  etc.),  is  due  to  the  presence  of  a  spirillum  in  the 
blood,  the  Spirochaeta  Obermeieri.  The  said  organism  is  a  long  con- 
tinuous thread-like  body,  showing  many  curves  and  lying  singly  or 
associated  in  clusters  (Fig.  587).  The  clusters  sometimes  include 
coloured  and  colourless  corpuscles,  and  thus  constitute  an  embolus- 
like  mass.  In  length  it  is  from  one  and  a  half  to  six  times  that  of 
the  long  measurement  of  a  blood-disc,  and  has  progressive  screw-like 
movements.  These  movements  may  continue  for  one  to  eight  hours 
after  removal  from  the  body. 

It  stains  readily  with  basic  aniline  dyes,  but  parts  with  its  colour 
by  Gram's  process.     It  has  not  as  yet  been  cultivated  artificially. 
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Obermeier  failed  to  communicate  the  disea^o  to  animnK  t»ut  Goter 
and  others  have  succeeded  in  confening  it  hy  inoculation  on  tlic 
monkey.     It  is  said  that  this  ii*  the  only  animiil  which  is  susocptiMe, 

SinrtKhwia  dtiitmla  in  fuuiid  uhuriflantly  in  the  muath  and  notii  ^ 
healthy  individuals.     It  is  quite  iniiocumis. 


FiQ.  urr.^anibiKmiKT  s 


I  l[«Aer  bou<1«k«iritvh)i 


SA.ItcIHwK  (mrrim,  a  pciekage). 

lHy»  SarciniP  oecur  in  many  different  Bittiationa,  and 
abundant  in  air  and  water,  and  in  dust  of  all  kinds.  8Ar€iDA  Ittlea 
is  very  common  a^  an  atmoi^pheric  impurity.  Their  artideial  eutearoi 
art  ttiimlly  lnilliantty  cohiurod. 

The  Sarcina  vcntriculi  discovercfl  hy  fkuxlsir  (No.  19,  hii.  IS|2, 
p.  430  ;  (i/.v/,  Anat.  Mem.,  lH?*.s,  ii.  ji,  :ia|)  i*  the  one  (H*rha(i«  ^rf  incitfl 
pathological  im[>nrtAnc4%  fn»m  the  fact  that  it  so  oft4;n  j^towb  oci  Uie 
cofitentii  i)i  the  s^tnmac  h  where  there  h  any  uhstruction  at  the  {jylortu^ 
wbcre  the   ccjntent^   have  ditiiculty  in   moving  onwarda,  and  whiCfe 
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It  L'onfers  a  some  what  riisU 
together 


•  • 


conse^iuoTitly  the  organ  becomes  dilated. 
V>rowri  colour  upon  the  et  in  tents. 

The  panii^ite  is  coinposotl  of  round  corcus-like  Txidtes  held 
in  gronps  of  four  or  multiples  of  four  hy 
a  little  intemtediiite  cement  substance. 
Each  member  divides  in  three  directiuiis. 
The  colonies  have  a  package-  or  wool- 
paek-liko  appearance,  hence  the  de^signa- 
tion  siu^cina.  The  cocci  are  aliont  2')  fj. 
in  diameter.  The  organism  grows  witii 
some  clifliculty  on  neutriil  media.  On 
gelatine,  by  thirty-six  hours,  it  has  deve- 
loped little  ronntj  tolonics  of  a  yellow  colour,  whose  growth, 
unknown  reason,  sooJi  becomes  an'ested.     It  does  not  liipiefy 


'O^ni 


Fio.  MS.— Sabcika  ^  I 


for  some 
gelatine. 


Micrococcus  Tetragkntjs. 

1 1  50.  This  is  a  minute  organism  of  the  sarcinons  type  discovere<l 
by  Galfky  (No.  9*2,  xxviii.  1882,  p,  oOO)  in  phthisiad  sputum.  It  is 
especially  abundant  iti  that  from  phthisieid  ciivities.  It  is  also  found 
in  abscesses.  It  is  round  and  the  members  are  associated  in  tetrads. 
Eiich  member  is  about  1  ^  in  fliameter.  The  method  of  cleavage  is 
like  that  of  siucina?,  but  takes  [»laco  oidy  in  two  directions.  The 
tetrads  are  often  envidope*!  in  a  gelatinous  meml>rane. 

It  grows  on  all  media  and  is  aerobic.  The  colonies  have  a 
brilliant  white  porcellanous  aspect  and  do  not  liquefy  gelatine. 

\^'hite  mice  iire  xery  susceptible  t^  it.  They  die  rapidly  after 
inoculation  and  the  blood  is  found  to  contain  tin?  organism.  Some 
Animals  are  refractory. 

Gelatine  puncture  inoculations  gi\'e  ri.se  to  disc-like  colonies  super* 
imposed  the  one  over  the  other,  and  ending  above  in  a  milk-white  or 
faiot  yellow  button-shaped  protubei^ance. 


General  LiTEUATtKE  us  BA€rEituiLu«;Y  (Text-Buoks,  etc.) 

Abbott:  TliG  Prindjiles  of  Hftct^sriology,  1892.  Albrecht  (Develoimu^nt  of 
Siiiroflwi'tA  Oliernieieri) :  Dmit.  Art-h.  L  kiiii.  Med.,  xxix.  1881,  p.  77.  Arlomg 
^RelatioiiKhip  oi'  fine,  Coli  tjomtii.  ami  hiu\  of  Kbertli) :  Tr.  Vil.  Iiit^rrmt.  Con^. 
Hyjf.  and  Do  mug.,  1892;  iL  p.  :i  7  2.  B&lt :  E-Mstiitkb  of  Bacteriology,  ISiUl.  de 
Bary  :  Loeturfts  mi  f^L-teiin  (Eikj,  Tr<insL),  1SS7  ;  nfso,  ronip,  Moiplu  mid  HioL 
of  tilt*  Furigi,  k'tc  Kiuj,  TrnnML,  1MS7.  Baumgarten  :  Lelubttch  d.  \»\t\i.  Myko- 
logie,  1886.  Bertheiot  (Mit-ro  Oi-^finiMniK  wliieh  tix  Azote):  Oom|it.  reiul.  AiaiI. 
d.  uc,  cxvi,  1&9.X  J..  8«2.  Billroth:  Col  eo  bacteria  sqrtica,  1874.  Brefeld : 
B«>tJiin»ft|i«  Uiiti?r»uel]uiigeri  iilt.  Seluiiimel])iJ7.t',  lS7ii-8:i.  Buchner  (IiniiifDci'  of 
Light  on  iW'terift) :  Anli,  f,  Hyg.,  xvii.  1893,  p.  170.  Canestnai :  Hatteroiologia, 
18!+a,  Cbantmesse  and  Widal  ( L>iirerL^ntiatii>D  lietween  \U\i\  Comm.  t'oli  and 
Typhoid):  Ann,  dlivg..  xxvii.  18i>2,  p.  97,  Cohn :  Hciimge  /.  Biologie  d, 
ViUu^Kii,  Comil  and  Babes:  bs  Bnrterit'*,  fto.,  1SI*0.  Crookshank :  Alanud 
i>i  Btti-'tcriology,  iHiHK  Dalling^er  :  Kes.  into  Origin  and  Development  of  Minute 
jLurl  Lowly  LiJe  Fornix,  1877,    Dangfeard  ( Hibtologic«l  Stntctureof  Yeasts) :  Compt 
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1«90  ;  fl/*»,  Jtn*/  TmnuL     Kdhler:  Dcr  HciipiU.,  UsM,     Kuhne     i  *!  <SuWr 

to  the  Dcmonstmtkiii  of  IketiTiA  in  AnimAl  1'i*»ti«A  [Ktttj.  TmnMLu  \^^*     Laurent 
(Recluctton  of  XttmteM  ill  V'i*{(f*t.  Kiii^ioiiij :  Ann,  d**  ThiNl.  HMtetir*  tir.  1i^90,  |x  7*11. 
Licbtheim  (Prtdmp^ruf  iMicm-nripinisms):   BerJ.  klin.  Wochnachr.»  iite,  18^2,  p|%. 
129,  147.      Lindt  iSnuic   New   Puthogcnio  OT|[aniftnui) :    Arch,  t  fiper.   P^th.  a. 
PhunnakoK,  xxi.  lH8(i,  n.  'J69,      Liiter :  Trnns,  I*atli.  Sw.   l^nd,,  xjtix.  1ST.\ 
425;  a/.4r>  I  Uelation  of  Mioro-Orgatiiama  to  I^im-aa^'i,  i^tiinrt. 
tK.  dSO.     LoeiBer:   Vor!eNun|c«n  iib.  d.  gtticldt htlichc  Kntvuil-Iu 
lUkterinn,  1887  ;  aim  jSUiuing  of  Cili*],  t'«nt4T»lhl.  f    I 
IftPO,  p.  (J25.     Lutz  I, Relationship  hetwwn  R«*l«  »n<l  < 
1886,  {K  327.     Mac^  :  Trait*'  pnitiqne  dc  1wict4Tiologi« 
of  MicrosGopic  Hr^mnjitiisi :  Conjpt.  rf*nd.  Acnd.  d.  »r. . 
Ill'       '       I  Ijf.Hrrktkuni,  l«t*2.    Moore  Staining  or '  jr 
XII  <t.      Niieeli :  l*i''  ithMliTrn  ri!/«' itt  xhn^w  W^n 

ki.4......  ...;..  I-*77.      Nicolle  and  Morax  .(V.lor .r,..,  .  i 

H*»teur,  vii.  l»ya,  p.  bbA,      Og;aU  ((Adturi'^  ^^ 

BuktcrioL  u.  Pfttmait^nkmnk.,  \\.  ist*'i,  j>.  621  : 

tozoa),  Ccnlralbl  f,    IkkteiloK  n.  ramattenkrank.*  xiv.  I* 

Maaasen  iAp[iarAtUA  for  oultivating  Ana«rtdM^) :   Arb,  a. 

viii.  1M1*2,  fi.  31  Ji;   Wjw4  itUinMiation  uf  i^ulplinr<'tt<d   II    :  rif 

M*rkapUn  by  th«*  S/imiM.  Ibitl,,  viii.  18V»3.  p,  -190,     Pt ;  r>«^ 

and  Typhoid  HainltuBj  :  Ann   dv  Klnnt.  Pantfur,  vi.  is;^..  |.    ...       K^v^.tiL   i^^^ays 

OB  Bicteria^  etc. :  N.  Syd.  Soc..  IHi^f},  t^^litc^l  bv  Chcync.  Sanderson  •  mmtic 
Ltotofei  on  Infection):  HHt,  Med.  Jonm,,  1^91  i  ii.  p.' t*^^.  Schenk :  <«niudriai 
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CHAPTER  XCVII 

B.  THE  ANIMAL  PARASITES  OF  MAN 

1151.  These  belong  chiefly  to  the  sub-kingdoms  Protozoa,  Annu- 
loida  (Vermes),  and  Arthropoda. 


Protozoa. 

They  are  found  in  various  situations,  more  especially  in  passages 
secreting  mucus  and  opening  externally,  such  as  the  mouth,  nares, 
bronchi,  vagina,  intestine,  bile-ducts,  etc.  Some  of  them  inhabit  the 
blood. 


Fig.  580.— Amoeba  Com. 


The  simplest  form  belongs  to  the  Rhizopoda  and  genus  Amoeba. 
The  only  amoeba  which  has  been  observed  to  be  parasitical  on  Man  is 
A  coli.     It  has  been  referred  to  already  (p.  541)  as  occurring  in  the 
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rhmr  it 


large   intestine 
parasite 


and    dejecta   of   dysentery.       Ama^hfi   is  a   common 


insects. 


The  cluAs  of  Sporozoaria  wrs  founded  by  I^uckiirt*  and  coro^ 
prises  unicellular  rirgmiiHrns  which  are  U'*ually  regarded  a^  belonging 
to  the  animal  kingrlom — aj§  indeed  a  branch  of  the  prol<>zoa.  Aecordinj; 
to  Balbiam  (No,  520,  rop  l»v  Wirkham),  it  compri^fi  (1)  the  )»re>9iri- 
nidfie  ;  (2)  the  oviform  p>i  i  ■  | ,.  i  imj  or  c*>ccidia  ;  (vi)  the  8arcn«|ioridi»  or 
tubes  of  Miescher ;  (4)  the  i)suros|>onnia  of  tish  or  myxo^poridiA  ;  iutd 
(5)  the  paorosperniia  of  the  articukta  or  iiiicnwt[K>ri4lm.  Thi?y  all 
exist  para^itically  r>n  rininiala. 

The  term  psorosperm  18  usumlly  appHed  to  iium  wbidi 

has  become  encapsuled.  In  Man  the  liver  and  other  org;\ns  are  nuiely 
the  »cat  of  them.     In  the  intestine  of  the  rabbit  coccidium  ovifarme 

h  a  eomniijn  pira^ite.  It  finds  its 
way  int/>  the  bile-duct^  and  cuowit 
cystic  di  hi  tilt  ion  of  the$e  wttli  tlio 
formation  of  pa|)ilbi'Uke  ingni wills 
frcmi  the  interior  (Fig.  5dl).  Those 
pi»orospenu5  give  rise  to  yellowiah* 
coloured  cheeiiy  tumour  bodies  BbaaX 
the  8i/.e  of  a  millet  eeed  and  aoflieo 
what  like  tulit»rcledii*  (ppiar- 

anee.      Numerous  c»«  •   fottnd 

in  their  interior    In  the  niM>it  tliejf 
form  large  cheesy  maaaes.     Cocctdm 
have  A  remnrkablo  pouter  of  reUtntflg 
basic  aniline  dye^  in  the  fireaeiiee  el 
(bHudoritiing  reagents     Thejr  almcnC 
resemble  tnln'rcle  b»icilli  in  thU  r^- 
s[H*ct.    Acconiing  to  Delepine  {S<k  ^ 
l$8ft,  ii.  p.  1393)  the  |mnisite  cree|j«  along  the  bile  channeU     Next 
within  it  there  develop  numV»er>*  of  very  largo  highly-refractile  bodtea, 
which  rupture  the  envelopini;  ca}i**ule  and   fK?notrato  into  the  intAfiar 
of  the  epithelial  cell*  of  the  biU»-ducl*.     The^o  embryo  Uxl 
on  enlargiuL^,  and  their  protopla«im  becomes  nucleatinl  sum]  t. 
They   escape  stibsecpiently   fmm    the   cell   which   act«  as  ibei: 
From  some  of  them  a  long  fi Lament  is  protluccd,  prolmbly  the  p^  „4„^ 
tilaria  of  van  Bcneden. 

Miescher's  cylinders  tir  Raifiey's  capsules  are  eylindricftl  or 

tubeliki*  structures  found  in  the  heart  and  th*'  other  muselee  of  Uie 
pig.  ThiV  consist  of  a  capsule  containing  innumemble  oval  or 
reniform  iMj^lii-n  nut  utdike  the  eml»ryo  coccidia  just  described. 

Cancer  Bodies.— In  refemng  to  Pagrets  disease  of  the 
nipple  (p*  803^  iiiention  was  ma<le  of  bo^lie*  which  are  found  in  the 
interior  of  the  epithelial  cells  of  the  excoriated  skin»  and  whteh  are 
geQimlty  l>elieved  to  Wlong  to  this  clasn  i»f  anini  !ie«.     They 

are  found  in  most  cancerous  tumour^  and  appiu>  .ays  re»ide_ 


A  X  390  inftini* ;  0  wi4  Cif  III^  UUm^ 
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within  cpitlieliul  cells.  For  the  most  j:)art  they  inhabit  the  protoplasm 
of  the  cell,  but  are  also  to  be  found  in  the  nucleus.  They  are  dis- 
tinguished  from  tho  sporozoaria  of  other  groups  by  al>s?once  uf  move- 
ment at  iiny  jieriud  of  their  development,  by  their  iutia  ceUular  habitat, 
by  their  solitary  encvi^tmciii  not  preceded  by  conjugation^  and  by  the 
number  of  spores  which  form  in  the  cvst  being  relatively  restrained 
(Wiekham,  Xo.  m%  p.  151). 

The  objects  in  question  in  their  youngest  form  appear  as  round  or 


?€^, 


Mc>i 


»:j^ 


^r^'^'^^^-^' 


k  60h-  PlLAT1U>   AKD  TRAKaJTORMEU    BtLE   DuCT   roKTAlKIKU  COCCIDfA,    r»OK    LiVER 

or  Rabbit  <  X  3or>  Du Mil.) 

(a)  Tlie  coeckllA ;  {h)  alter^i  lAiill  of  r>rigiiml  bile  duct ;  (/ )  nflenoma-Ukc  ingrowthi  fi-oni  origijial 
wall  tPicm-ciiriiiiiH!!  utid  C'lflrillcil). 


rounded  bodies  which  are  refractile,  and  which  stain  well  with  various 
^eiits  such  as  Biondis  fluid.'     Later  on,  they  develop  a   double- 

^'  The  Elirlicli  Bioiidi  or  Elirlich-biondi  Heiilfiiliaiu  Fluid  (No,  169,  jtlii.  188S,  y, 
1  ;  No.  48,  V.  1S83,  p.  ^^"1'^)  if*  aonjt'wliat  troublejsotne  to  jire^mrt*.  T)i*j  receipt  j«  a** 
follow*  i  To  100  cc.  »altiraled  aqiitjuiis  Hdlutioii  of  Orange  add  with  coulimioii*  u^itatiou 
20  €,c,  saturated  aqueoos  solution  of  Acifl  Furlisin  and  50  cc.  of  u  like  solution  of 
Methyl -gretMi.      iJilutu^  ih*;  juixLiire  with  fit)  to  100  vols,  of  water. 

The  dilute  solution  oiiju^ht  to  redileu  if  ucelic  acid  be  added  to  it  ;  and  if  a  drop  Ik? 
placcil  on  blotting-paper  it  should  form  a  ^pot  bluish -greuu  in  tlje  centre^  oruugi*  at  the 
periphifry.  If  the  oraiiKt  zone  is  suironndtid  by  a  hroader  red  zone  tlif  mixture  contsiin* 
too  nnudi  Fiichsin. 

The  sectiouH  should  be  Btoloed  for  sis  to  Iwenty-four  hours.  They  are  afterwards 
Wtahed  out  with  alcohol,  ckmred  with  xylol,  and  motiuteil  in  xylol  lialtjajti. 

According  to  Heideuhain  a  tno&t  recently  published  iiistinttious  (No,  48,  iz.  1892^  p. 
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contoured  capsule  with  clear  cantents  and  a  tuicleuR.  The  nucleus 
doeu  not  stain  wl'II  with  oiiUnHry  nucleiir  tlyes,  but  staiiia  tiumijdlliet 
in  a  differentiul  miuiiier  with  t-ompoutid  aiuline  dyea  auch  as  Hiondia 
fluid,  A  peculiar  radiate  arrangement  uf  the  protoplasm  or  contenti 
of  the  IkkIv  i8  sometimes  noticed  around  the  nucleus  (Fi^.  ri92,  2). 
With  an  aniline  ilye  mLxturc  such  as  that  alKno  mentione<l»  the  ctm- 
tents  siimetinies  sUiin  of  a  dift'erent  colour  frvim  the  nucleus. 

These  bodies  have  never  been  cultivated  artificiully,  nor  huve  thef 
been  laoeulattHl,  and  it  may  be  added  that  considemble  doubt  ii  ex* 

1. 


^^ 


Fio.  aiT!.— i^AXixft  BuiUA*  (Afifi  IhiUvt  imtt  Wftjk«ri 


(l>  Crll  trmu  «uini'r  of  •tniuKch  odtiUitilfiK  ft  UrK«*  imimHitit  stiii  mu  «iaaiQ  nf  akn  TW  mut^tmm 
ortlM  ttiU  !•  poatit^l  Un  nnv  »U[n  (Xr|M  Or.  3.  Obi.  A  :  1^^  l>MliJm.> 

(^  Oett  fWiin  mm*.  nlKiwIriK  Jt  tmmiiltf  with  v»cll'nMirki<fl  niy«  vJitrikltB^c  Ui  tA*  pmf^fkmf^  J%m 
lUKleiil  or  Ult  C#ll  l«Mi  .li«ipi'*«m(  {H^k  oe.  U,  Ol.J.  ^\ 

^  auu«,  ftbimliic  ■  f«nMiU  ittHl  tLinw  •tuali  t«rUDl«iL  Tim  D<ftel»iii  pf  Uta  fttiviiia  It  wy 
«■!)  (S«y»  Od.  B,  014.  ^  :  tiOa  DUma J 

(f)  aBBUH  eoHlilallif  Ibnr  |am*lte«  (do.) 

prettied  by  eome  investigators  as  to  their  being  parasitee  mi  &IL  It 
haft  been  alleged  that  they  are  merely  degenerated  nuclei.  It  eaniuil 
be  eftid  a«  yet  that  they  have  iuiythiiig  to  do  with  the  production  of 
cancerous  tumours.  It  i«  asserted  that  they  have  been  detected  to 
the  o[MtbeIium  €»f  the  skin  after  the  application  of  a  blister 

302) t  Uit  Onttgii  U»  W  nMd  thonltl  b* 
tiM  McUiyl-riN^rt  "  M.'thyliftutfii  (Xi, 
Aliflhlfahri(BiUon«  Btrlitu 


'  Urmiigv  Q/*  Ui9  Add  Fuelutti  *'  R&Ua  ^"  a^d 
*  aU  to  U  obtaiiMl  (h>m  Uic  AcUnliafflk  IHt 
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Fio.  593.— Balantidium 
OR  Param^ecium  COLl 
(after  Malmsten ;  xSOO 

DiAMS.) 


Russell's  Fuchsin  Bodies. — These  are  peculiar  round  homo- 
geneous and  refractile  stxrictures  described  by  Russell  (No.  6,  1890,  ii. 
p.  1356)  as  being  present  in  cancerous  tumours,  sarcomata,  etc.,  particu- 
larly in  cancer  tumours.  They  vary  in  size  from  about  that  of  a  coloured 
blood-corpuscle  up  to  six,  eight,  or  more  times  as  large. 
One  peculiarity  about   them  is  their   afl&nity  for  ;    iv 

fuchsin.  If  a  section  containing  them  be  stained 
witli  fuchsin  and  subsequently  treated  with  iodine 
green,  the  fuchsin  colour  is  washed  out  from  all 
parts  of  the  section  unless  the  bodies  in  question. 

They  were  supposed  to  be  of  the  nature  of  pro- 
tozoa and  to  stand  in  a  causal  relationship  to  the 
cancer  tumours  in  which  they  are  so  often  found. 
Neither  of  these  allegations  has  ever  been  estab- 
lished. They  are  found  abundantly  in  myomata 
and  other  pathological  new  growths. 

Paramaecium.  —  This  occasionally  becomes 
parasitical  on  Man.  One  variety,  P.  or  Balantidium  coli,  is  foimd  in 
the  intestine  and  dejecta.  Its  presence  was  detected  originally  by 
Malmsten.  Symptoms  of  tenesmus  and  passage  of  blood  by  the  bowel 
are  associated  with  it  (Stieda,  No.  13,  xxxvi.  1866,  p.  285). 

Cercomonas  Intestinalis. — The  parasite  has  a  pear-shaped  body 
from  8-10  /x  long,  obtusely  rounded  at  the 
one  end,  and  tapering  to  a  fine  extremity  at 
the  other.     To  the  broad  end  a  long  whip- 
like cilium  is  attached.     Within  the  body  a 
nucleus  may  sometimes  be  detected.     The 
parasite   occurs  in    the   dejecta,  in  various 
diseases.      A    Cercomonas  urinalis   is   also 
described  in  the  urine. 
Trichomonas  Vaginalis. — This  has  a  close  resemblance  to  the 
foregoing,  but  is  provided  with  from  one  to  three  long  cilia  which  are 
usually  in  active  motion.     The  habitat  is  in  mucous  or  muco-purulent 
discharges  from  the  vagina. 


Fio.  504.— TBICHOM0NA8  Vaoinalib 

(after  Kolllker ;  x  500  Diams.) 


The  Parasites  of  Malaria, 

1152.  There  has  perhaps  been  no  more  brilliant  discovery  in  the 
domain  of  pathology  within  recent  times  than  that  by  Laveran  (1880) 
of  the  parasites,  apparently  of  the  nature  of  protozoa,  within  the  blood 
of  those  suffering  from  malarious  fever. 

From  its  very  nature  ague  fever  has  long  been  supposed  to  be  of 
parasitical  origin,  and  some  years  ago  Klebs  and  Tommasi  Crudeli  (see 
Bibliog.)  isolated  from  the  marshy  soil  round  about  Rome  a  rod  from 
2  to  7  /x  long,  sometimes  elongating  into  threads,  and  which,  from  the 
fact  that  it  determines  a  febrile  state  in  rabbits,  they  supposed  to  be 


Fill,  j!>&.  — tI.tiiATO«OA  IK  Fhiwii  MALAniors  Ulchjh  (aflrir  Lnvfinm ;    <  MK)  Dl«lli^^ 
(«)  Onni)}  of  thr«*(9  l>Jo*Ml-corpu*r*U**  with  B|»lif»rtcal  liirtiiatoKiUL  AillHM'rfit  to  Uu-mi  .  iM  .mil)  f 
spherlml  iMJilik'*  ;  (**)  •)i}ii'ric«l  boly  of  luwli  niu  sixe  mUiaratit  to  a  lil<  «q*1  omi1iti*c1»'  r1 

body  nrriviHl  nl  Htngt*  of  e<^mtilet«  tlevcloinueiil ;  (r)  NtihfricjiJ  bcniy  witU  twi»  i;  f 

IliigtrUum :  (jr,  ir)  crrtecnttc  bodU?s ;  {h}  Ieucocyt«  coataiiihig  lueLuihte;  (f)  i^oniuil  l^ucixytc 


itself  uiitler  the  four  following  types:  (I)  sphf^riad  Ixitliei^;  (2) 
rtft^elUi ;  (3)  cre8ccnlic  bodies  ;  and  (4)  segmoriicd  iMjdiGS  or  bodies 
litiarigt'd  tti  rosace, 

L  The  Spherical  Bodies, — These  ure  ilie  enuimoiu^t  form. 
Tbov  are  i  onijinsed  of  a  h\  idine  sidiHtaiicc  and  are  lif  Vimini!*  dimen- 
sions, the  smallest  having  a  diainoter  of  at  least  1  /a,  the  hirgrit  a 
diameter  e([nal  to,  or  e\en  greater  than,  that  of  a  colourtHl  ciir|*uaeli; 
The  diameter  of  some  of  tiiem  la  even  double  that  of  a  culoureJ  cfl^ 
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puscle.  The  smallest  (Fig.  596,  1  to  4)  are  devoid  of,  or  present  only 
a  few  grains  of  pijjjmcntj  iirid  are  adherent  to,  not  eml>edded  in,  the 
substance  of  the  coloured  corposclea  of  the  blood,  Ijut  as  they  increase 
in  bulk  the  grains  of  pignaent  become  augmented  in  n^unber  and 
arrange  themselves  often  in  the  fomi  of  a  corona  (Fig.  596,  10)  towards 
the  margin  of  the  parasite.     In  other  instances  they  are  aggregated 

*  «  8  4 

o  •  •  « 


O  Q 


13  14  15  16 

Fio.  BW.— PLAsifODiA  FROM  Uuitoit  OF  Malariouii  Fevf.b  (Attvr  t^vcmn). 

(1-4)  OoJo«re<l  blootl -corpuscles  with  fiinall  spherical  |>la«inoiiia  devoiti  of  pigintfiit  &dhert<rit  to 
^fmn ;  (ii-*1  s*tie  with  uphericai  plaainudiA  containing  pigment  particle* ;  (S))  m  corpwsclt*  almost 
.  4^ruye«J  by  the  containeil  pamalte ;  (10)  Unjo  parasite,  T»ith  pigiiwiit  pArtlcleu  »rniiige<l  in  »  ring 
■fttbe  pviipUcry,  eurilmt^'l  in  a  blooil^orpusclei ;  (U)  m  [jam^ite  showing  mdUl  itrgititiTtLaiJun  >  (13) 
ihit  mgatvnU  set  ffcfjaji  «phcrlc«l  boflies;  (13.  14)  rree  ffphericnl  plAAniodia  with  flaKellAi  (U)fre« 
erwociiUo  bo<ly ;  (l»J)  oval*4lmp<?d  body  derive«l  from  om^  whlcli  k  ereBc<?ntic. 

irregularly  in  the  body  (Fig.  596,  5  to  8).  The  pigment  m  moved 
about  by  the  amct-boid  contractions  of  the  host.  The  parasites  are 
either  embedded  in  the  ctilonred  blood-corpuscles  or  are  free  in  the 
blood  plasma.  Several  are  sometimes  contained  in  the  substance  of  a 
single  corpuscle.  They  live  eviflcntly  at  the  expense  of  the  cell  host, 
and  increase  so  rapidly  in  bulk  that  there  arrives  a  time  when  the 
corpuscle  is  entirely  consumed  by  tbera. 

VOL.  II  3  Y 
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A  nucleus  has  been  described  a«  present  in  some  of  the  bodiesi  but 
Lttveran  considers  tlint,  if  such  exist,  it  must  bo  difficult  to  see. 

2.  Flagella*— Some  of  these  round  parasites  arc  provided  with 
delicate  flagelU.  They  move  with  gieat  rapidity,  iiml  agiui4^  the  eor- 
]m8cles  lying  in  their  neighWurhood.  From  one  to  four  such  £liig)idh 
may  C4jme  off  from  a  single  |Kinisite  (Fig,  596,  13,  14  ;  smd  Fig.  595,  n). 
They  are  so  transparent  that,  in  ftpite  of  their  great  length,  they 
hardly  ever  visible.  Thev  ofti'n  become  ieparat'Od  fmm  the 
(Fig/51»5,y> 

3.  Crescentic  Bodies,— These  arc  cylindrical  Ivodics, 
leas  pointed  at  either  end  and  presenting  a  cre«sc*entic  curve.  Tluir 
substance  is  tran8|)arent  and  unculuurcd  unlcj^  at  their  middle,  whirt 
granides  of  pipiient  are  found  (Fig,  5115,  tj,  tt ;  and  Fig.  596,  15).  Their 
length  is  usually  a  little  greater  than  that  of  a  coloured  blotnl- 
coipiiscle.  On  their  concave  side  a  line  uniting  the  two  ends  is  often 
noticed.  These  crescentic  elemcntJ*  remain  free  in  the  blood ;  wImo 
one  of  them  becomes  attached  to  a  bhio^l  roqniacle  the  attA^hmeill  is 
accidental^  so  that  if  the  cover-slip  \n^  lightly  diHturlted  tbo  \mAf  in 
e[uei^tion  liecomcs  easily  iletiirhe*!.  They  are  devoid  of  movemetil  and 
are  unpi^ovided  with  flagella. 

4.  Bodies  '*  en  rosace  *'  or  segmented.— Such  UAxm  sre  of 
round  ahajie,  and  the  Jseginent^ition  i^  sunictiniea  regidar  and  ••«b* 
like."  They  are  found  in  rjuartan  fever,  sometime*  in  tpiotidiiui,  hut 
rarely  in  tertian. 

According  to  Golgi  (No.  366,  x.  189K  p.  136)  this  fona  is  of 
great  importance  as  representing  the  princifvd  mode  of  niultiplioitmi. 

The  Inematozoon  increases  evidently  hy  fission*  It  in  Keen  la 
divide  into  several  segments,  which  separate)  from  each  other  (Fl^ 
*^%\\  12).  The  fiiision  sometimes  presents  a  i-adtaJ  character  (Fig.  h%% 
1 1),  and  when  so  the  pigment  gathers  in  a  mass  at  the  eentHL 

When  tho  BGpamtion  of  the  segments  is  complete*  1  'n4!nl  is 

lilicratetl,  and  may  l>e  absorbed  by  adjacent  leucocyte«    .  \  k\  or 

carried  al»out  free  in  tho  circulation.  It  is  thus  thai  the  melniiotis 
pigment^ition  of  the  liver,  spleen,  etc.,  in  tnalaria,  i«  to  be  aoeoimled 
for.  The  pigment  is  a  prcMluct  of  the  hfemoglobin  of  the  liMncMTti^ 
and  iM  ehibf>ralcd  by  the  jmrasite  adhen*nt  to  it. 

Relative  Frequency  of  the  above.— Of  432  cmses  in  wUch 
Lavenin  imitle  out  tbe  pieHerue  of  the  fKirasites  in  [ier»ons  tfuflWhig 
from  malarious  fever  in  Algeria  the  following  wha  noted  : — 

Spherical  bodies  alone  26€  times 

Oreieentic  bodies  alone  4:^ 

Spherical  and  crescentic  iKxlies  .        ^  I 

Spherical  and  rtagellatcd  Wlie^  .  •" 

Spherical,  crescentic,  ar»d  tlagellated  bodies     ..*>:; 

The  spherical  bodies  alone  or  associated  with  others  hnve  ihss 
been  observed  by  him  38D  times  out  of  433 ;  the  crescttntie  bodies 
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alone  or  associated  with  others,  107  times;  those  which  were  flagel- 
lated were  associated  always  with  those  which  were  spherical,  and  in 
92  of  the  432  observed  cases. 

Relationship  of  one  Form  to  the  Other. — This  seems  some- 
what doubtful  as  yet  Laveran,  however,  inclines  to  the  idea  that 
they  are  successive  stages  of  the  same  parasite.  The  interpretation  of 
the  significance  of  the  crescentic  bodies  still  remains  obscure. 

Effect  on  the  Blood.— Dionisi  (No.  49,  1891,  i.  p.  287)  says 
that  where  the  plasmodia  are  abundant  the  loss  in  coloured  blood- 
corpuscles  may  amount  to  from  200,000  to  1,000,000  per  cu.  nun. 
In  the  intervals  of  the  attacks  a  recuperation  takes  place.  In  early 
attacks  the  destruction  is  greater  than  in  those  which  come  on  later. 

Relationship  to  the  Fever. — The  parasites  are  most  numerous 
and  most  characteristic  at  the  time  of  access  of  the  fever.  It  has 
been  supposed,  more  especially  by  Italian  observers,  that  the  differ- 
ent forms  of  fever  (quotidian,  tertian,  quartan)  are  the  result  of 
different  species  of  parasite,  and  that  the  course  of  the  fever  corre- 
sponds to  the  extent  of  the  life  history  of  the  parasite.  Golgi  found, 
for  instance,  that  in  (pturtan  fever  the  life  history  of  the  parasite,  from 
the  time  of  invasion  of  the  blood-corpuscle  up  to  complete  division  of 
the  ripe  plasmodium,  occupied  three  days ;  while  in  the  case  of  tertian 
fever  the  same  cycle  of  events  was  accomplished  in  two  days.  Laveran, 
however,  has  doubts  as  to  any  such  relationship  having  been  con- 
clusively demonstrated.  It  is  generally  admitted  that  the  crescentic 
variety  is  more  common  where  a  relapse  has  occurred,  or  where  the 
malarious  cachexia  has  been  established. 

Parenski  and  Blatteis  (No.  49,  1892,  iL  Ab.  1,  p.  19)  also  believe  that  the 
tertian  and  quartan  varieties  are  due  to  separate  parasites  ;  the  quotidian,  they  hold, 
is  the  result  of  a  mixed  infection. 

Golgi,  Canalis,  and  Celli  have  described  three  distinct  kinds  of  plasmodium. 
Laveran  regards  them  all  as  merely  stages  in  the  life  history  of  the  same  parasite. 
The  species  seems  to  differ  according  to  south  or  north  latitude. 

The  following  are  described  by  Celli  and  Marchiafava  (No.  625,  p.  189)  as  the 
characteristic  forms  in  the  various  types  of  malarious  fever.  They  are  best  seen  in 
blood  obtained  by  puncturing  an  internal  organ  during  life.  In  the  qootidiiui  tjpe, 
which  is  the  most  severe,  small  shining  bodies  having  active  amoeboid  movements 
are  found  within  the  blood-corpuscles.  Their  number  varies,  but  they  are  found  in  all 
pernicious  types  of  the  disease.  They  are  sometimes  enclosed  in  leucocytes,  or  in 
endothelial  celU,  in  which  also  black  pigment  is  to  be  seen.  Flagellated  and  half- 
moon-like  shapes  may  also  be  noticed  in  the  corpuscles,  but,  with  Laveran,  the 
authors  regard  all  these  as  merely  phases  in  the  life  history  of  a  single  parasite.  In 
the  tertian  type  small  amcsboid  bodies  are  found  which,  as  they  grow,  become  filled 
rapidly  with  pigment.  They  manifest  lively  amoeboid  movements.  The  black 
granules,  moreover,  are  finer  than  in  the  quartan.  The  authors  describe  a  special 
parasite  in  the  quartan  ▼ariety,  of  which  they  give  a  drawing  in  the  above-referred- 
to  publication. 

Attempts  to  Cultivate  and  Transmit. — The  artificial  cultiva- 
tion of  the  Plasmodia  as  yet  has  proved  unsuccessful,  even  when  the 
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culture  basis  has  been  pure  bloo<l  ErtVirts  aimed  at  convejring  tti0 
disease  to  the  lower  animals  have  also  failiMl,  although  in  their  blood 
organisms  evidently  closely  related  to  those  of  mahirm  &n»  to  bt 
found  in  ma  la  no  us  districts. 

The  interhuman  tmnsmission  of  the  disease,  however,  hmM  h^m 
accomplished  by  injecting  a  snmll  quantity  of  malarious  blood  com* 
twining  the  orgiiuism  into  the  venous  system  of  a  fresh  subject. 

Method  of  examining  the  Blood, — The  bli>od  is  btiet  exaaittiecl 
fresh  at  an  ordinary  temperature.  The  use  of  the  Wttffm  itage  is 
unnecessiiry.  It  should  be  exumined  from  time  to  time  and  at  differvot 
times,  as  it  may  happen,  more  jiarticularly  if  the  subject  ol  oli«CT%ii^ 
tion  has  been  taking  quinine,  that  the  pbismodin  have  tmnpormriljr 
disappeared. 

Cover-glass  preparations  can  be  kept  if  they  are  simply  dried  with 
heat  Perusmic  acid  as  a  fixing  agent  is  not  required.  The  blood 
ought  to  be  taken  frou)  the  finger  after  washing  the  skin  with  mmp 
and  water  ami  alcohol.  It  is  received  Ixitwecn  two  cover  ghiweii  ao  as 
to  spread  it  out  in  a  sufficiently  thin  film.  The  cover  glieiea  arv 
separated  and  drie<l  gently  over  a  flame.  They  may  olterwrnrcls  be 
rolled  up  in  pqMjr  antl  labelled. 

The  blood  can  also  be  e.xamined  very  well  in  its  dried  slalt. 
Canada  balsam  renders  it  too  transparent.  It  may  be  iMaiMd  ta 
advantage  with  methylene  blue  ami  eo^in.  The  methylene  Une 
stains  the  pattLsite,  the  eosin  the  blood-eorpuadea. 

Pareniiki  and  Bktieb  (No.  49,  1892,  ii.  Abw  1,  p.  19)  fxaminn  thff  aoieiam* 
of  the  plasmodiA  on  the  warm  sUgie  in  blooil  <lilut«d  with  *rnim  atstosd  irtUi 
nitfthjlcae  blite.  The  pliisinodtA  tak<!  oo  the  blue  colour  readily,  aod  retiiti  %\ukr 
movements  for  looj^.  For  ^Uimug  parmauent  oover*gt«ii9  prY}«rAtioii»  iht^  i^ 
oemoaenJ — 


SoL  atjuoo.  satur.  methjleot  co«rutei 
Boiiiii  ai^om  mIuU. 
Alodhotk  ftbBot.  . 


100 
0*50 


Tlio  blood -corpuiclea  utaia  rod,  the  nuclei  of  the  colour  lew  coqnuKlci  deep  hier, 
ftud  the  pi  M  mod  in  pale  blue. 

Action  of  Remedies. — According  to  the  same  authoritiee» 
i|uinine  is  destrueiivo  only  to  the  mature  fonuB,  not  to  thinie  inter* 
me<liate.  It  ought^  therefore,  to  l>e  given  during  the  attadc,  tioi  in 
the  inter\  als,  as  it  is  at  the  time  of  the  attack  that  the  plasmodia  exist 
in  their  fully-<lcveloped  ctmdition.  Mt*tliylen€  hlue  given  internally 
causen  the  pLaammlia  to  disapiHUir  fn»m  the  hhwKi  without  »oy  oii- 
toward  result.  Antip^Tin  and  antifelirin  arc  both  active,  whfle 
salicylic  prefjarations  are  without  ef!"eet. 

General  Conclusions. — Summing  up  the  various  argunieiils  in 
favour  of  the  [iiii*asitee  in  question  being  the  cftuie  of  maUrioua  fer«r« 
they  are  the  following : — 


i 

i 
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(1)  Ha^matozoa  having  identical  cbaracters  have  been  found  in 
nialarioiis  subjects  in  nil  countries. 

(2)  These  htt?niat<»zoii  have  never  been  met  with  in  persons  who 
were  nut  affected  with  niaiaria. 

(3)  The  development  of  the  hu?matozoii  is  intimately  related  to 
the  production  of  melanitraia,  which  is  so  peculiarly  cliaraeteristic  of 
malaria, 

(4)  The  salts  of  quinine  cause  the  disappearance  of  the  organism 
at  the  same  time  as  they  cure  the  fever, 

(5)  The  interhuman  transmission  of  the  disease  through  infected 
blood. 

Literature  on  Malaria. — Binz  (Ama^ba) :  Terap.  moil.,  Padova,  v.  ISftl,  p,  561  ; 
also  (Action  of  Quinine  on  Malaria  Aract^ba),  BtirL  klin.  Woclinschr.,  xxviii*  1891,  p, 
1045.  Bonebakker:  Hot  PiasijicKlioni  malarisie,  1891.  Brush  (Blood  in) :  N.  Y. 
Med.  Rec,  xlL  1892^  p.  6iJ.  Catrin  :  Li^  paltidiiime  chroniquo,  1893.  Ced  ;  Arch, 
t  vx\yer.  Path,  u,  PliamiakoL,  %v.  1SS2,  p.  153;  Ibid.,  xvl  1882,  p.  1.  CotinciU 
man  :  Trans.  Am.  assoc,  of  am.  physieians,  LS8G,  p.  89  ;  Med.  News,  i.  1887,  p. 
59.  Councilman  and  Abbot:  Am.  Journ.  Mt^d.  Si.,  1S85,  p.  416.  Danilewski : 
Ann.  (h'  rinat.  Pasteur,  v.  ISJ^l,  p.  758.  Evans;  Proc.  Roy,  Sor.  Lon*L,  xHi. 
18J>I.  p.  19SK  Glogner  (Examination  of  Blnod  in  tlie  Tropics):  Arch,  f.  pdtk. 
Anat.f  cKXxii.  1693,  p.  314.  Golg:i  tAnio-ba  of  Quartan  Fever):  Ztsc'hr.  f.  Hy^.,  x. 
1:^91.  p.  136.  Hchir:  MioroM:opkal  ObstTvations  on  HcEmatozotm  of  M.,  1891, 
Kaiifmana  (Plir^jinxiia) :  Fort.schr.  d,  Med.,  x.  1892,  p.  1000.  Klebs  and 
Tomraasi-CnKieli :  Arch.  f.  expt-r.  Path.  u.  Pli-irm.,  xi,  1879,  i>p.  122,  311  ;  ttlsa^ 
ReMle  Acndemia  dei  Lincei,  Rome,  1S78-79,  Eftff.  Tmnd.^  X.  Syd.  Soc,  1888  ;  ct/jio, 
Piiynitioiier.  xxiii,  1879,  p.  107.  Laveran  :  Niiinrti  |Miraaitaire  des  accident*  dc 
rimfHiludLsme,  1881  ;  also,  Compt,  rend.  Soc.  de  hiol.,  iii.  1891,  fk.  127;  aim^  Du 
palttdidme  et  dtt  son  liematozoaire,  1891  ;  aim,  Compt.  rend.  Soc.  de  bio!.,  iv.  1892,  pL 
jL  p.  327  ;  IhuL,  \\  1893,  y.  312  ;  also,  Tr.  VIL  Intemat.  Cong.  Hyg,  and  l>eniox., 
1892,  ii.  jj.  10.  Marchand  i  Arch,  f,  fjatk  Anat,.  ixxxviii.  1882,  p.  101.  Marchia- 
fava  ana  Celli :  Fortst  hr,  A.  Tim}.,  in,  188fs  j»p.  339,  787  ;  aho^  Areh.  per  le  8c. 
med,,  xiv.  1890,  p.  117.  Marchiafara  and  tuboni :  Arch.  f.  exiner.  Path.  u. 
Pliann..  xiii.  1881.  jk  2t)5.  Nepveu  (Flag«.lkt<'d  1  bodies  indiiderl  in  White  Cells) : 
Compt  rend.  Soc.  de  biol.,  iii,  1891,  lu  099  ;  aim  (Alterations  in  Cn]rtllaiiea  of  Liver), 
Ibid,,  iv,  1S92,  p.  233  »t  mf,  Pfeiffer :  Furtj><:lir.  d.  Med.,  viiL  1890.  p.  939. 
Richard  :  R^vu^•  scicnttfKiue,  1883,  p.  113.  Ruffer :  BriL  M«ii.  Jonni..  1893,  ii.  p. 
825.  Sacharoff:  Amrehre  Tiiularij«  (ten  coloured  platen),  1892.  Thayer  (Treat- 
raent  with  Methylene  Blue):  Bull.  Jolms  Ho[>ki[iS  Ho«p.»  iii.  1892,  p.  13.  Vincent 
( Hiernatozoon ) :  Uon^pt.  rend.  Soc.  de  biol.  iv.  1892,  p.  255. 


Protozoa  of  the  Bu>od  in  the  Lower  Animals. 

In  India  and  in  other  countries  with  a  warm  climate  the  blood  of 
the  lower  nnimals,  and  especially  the  rat,  often  contains  minute  flagel- 
lated protozoa.  The  author  rememljer's  seeing  these  in  the  blootl  of 
rats  in  this  country,  and  the  explanation  of  their  presence  seemed  to 
have  been  that  the  rats  had  gnawed  straw  imcking  which  had  come 
from  India  and  lay  in  the  cellar  where  they  were  caught.  Lewis 
has  drawn  special  attention  to  these  parasites, 

Lit^raJure  on  Blood  PnrasiU't.—Cdbbold:  Brit  M.  Jonrn.,  1876,  i,  p*  "80. 
DanilevTski:  Areh.  slaves  de  biol.,  i.  1886,  p.  85.  Leisering  (Hi^matoto*  of 
Domestic  Mammals):  Arch.  f.  path.  Anat,  xxxiii.  1865,  ir.  111.  Lewis:  On  a 
Hsniatazoon  inhabiting  Human  Blood  ;  ita  Relation  to  Chyluria  and  other  Dist^aMa, 
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1872 ;  aimf,  Piitholofficd  Sigsilkaiioe  df  Kta«- 
to(li>  ntim«tujc(j*,  Kcpu  S«a.  Coinni.  India, 
1874,  [».  ill.  Gaule  (Wurmdicii)t  Arclu  f* 
Aiiiit.  u.  PhyjiUiJ.,  f*hvft.  Al»th..  1^*0,  |k  57. 
Gluge  iKrito/.<Mm  in  HUnitl  «»r  Kn*gij  AtcIu 
f.  Annt.  Thy*.,  n  Wiiwrinrli.  Mix!  ,  184S*  li^ 
148,  Majison  {<'hhi«*fM*  Iin.*tnatr>irjA)t  Mm. 
Tim***  and  (iaz.,  1S77,  it  j»fv  513»  &3S^  MS« 

fU,.  1S83,  Osier:  Prw.  Roy.  SqCp^  nlL 
187d'74«  1%  3fO.  PUtoer:  Arob.  t  liJk. 
Anat,  JLXVL  18B6. 


B 


VjCHMSS. 

Thk  Round  WoRim  ub  Nematoda" 
AmtrU  Lumhri€€i(Us. 


1 1 53.  A  round  cylindrical  irorm 
with  Ixith  ends  i>ointed»  the  posterior 
more  m  than  the  anterior,  TIm?  moatli 
is  at  the  aiit^rinr  end^  and  the  aitOMii- 
tarv  c&iuil  nins  t)in»ugh  tho  Kfitirt 
length  of  the  hi*dy\  It  Iias  a  browobk 
yellow  or  reddish  tint.  The  akin  ii 
hard  and  i«  marked  liy  delicate  tnuw^ 
verue  »triii\  Next  i^  KuMirungjrltia 
gigBA  it  ifl  the  largest  ix»iind  paniite 
of  Man. 

The  sexes  are  aepareU.  Thelem^ 
iii  the  larger  nf  the  two,  and  meMW^n 
from  10  ti»  1^  ineliea  in  lengili  and  m 
t|uurter  rif  uu  inch  in  thlclcnaM.  TIm 
mule  IH  hinn  4  to  6  tnchin  long 
and  curreKi>oiidingly  thinner  than  the 
female.  The  geiiiul  o|je»ing  in  the 
fcnmie  liee  on  the  ventriU  aspeei  eloee 
behind  the  anterior  thijxl  of  the  Iwidy, 
The  genitid  a{>|>anitU9^  it  is  «aid«  ou 
hold  something  like  60,000»0W  trm^ 

The  posterior  end  of  the  male  fl 
slightly  curved.  There  is  a  {leiiia  pro- 
jecting from  the  cloaea,  togetJier  vitk 
two  slender  chitinoiia  hookii  wliieh 
orMftBMiaua.  (a)F'mKt<^  probably  serve  the  purpose  of  afixiog 
graittl  «t«rtiii«;  (o  iHk    i\^q  jj^^i^  during  copuJatiotL 

tiro  tpteuk  vf  Ihm  nuiXmi  ^^  „^T ^ul.,,^  ^4f  1*  ?__„.. 

c^)  tb*  hmd  «iid  of  tbp  ^  "^  ^^^  ^^^  thrown  oft  tn  tmmenis 

«aiDi»u  tht  thret  iit«  fit*    numbers  in  the  faeces.     The  derdop- 
\^^i  (»rter  mux  mcnt  of  the  cojbryo  takes  phmi  «*- 


rrc,  8(97,— A»c Ami*  Li  i 


(A)  ! 


[  (B)  ffwlo. 
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side  th43  body,  in  wale!'  or  in  moist  earth.     Tlie  ova  vnn  he  frozen  or 
retained  for  long  in  the  dried  state  without  suffering  injury. 

The   habitat  of   the   parasite   is  chiefly  the   small  intestine,   and 
mostly  in  children.     Ascaridea  may  excite  a  catarrh 
of  the  intestinei   or  give  rise  to  certain  nervoua 
reflex  phenomena. 


Ascaris  Mf/siaT, 

Tkis  18  a  small  round  worm  which  lives  chiefly 
in  the  intestine  of  the  cat.  It  ha«  occasionally 
been  found  parasitic  in  Man. 


Oa^ris  P^ermiculam  (Thread- Worm), 


Fio.    5i^.  —  Ovum    or 

Am;aIVI!I  Ll'MHRICOlDBi, 

WITH    Albuminous 

PREeiPITATE        AROUSfD 

[T  <rtft4^r  Hyller;  x  SiQi 

DllMJS.) 


A  very  common  email  round  worm  which  in- 
habtU  chiefly  the  large  intestine.  The  female, 
which  is  about  10  nun,  (i  - -:^  of  an  inch)  lon^»  somewhat  resembles  a 
small  ascaris  lumbricoides  in  the  fact  that  the  hind  end  is  sharply 
tapering.  That  of  the  male,  howeverj  is^  blunter.  The  male  is  only 
about  4  ram.  in  length. 


Trkliijiephalu.^  Disjktr  (Wliip-Worm), 

The  anterior  two-thirds  of  the  body  is  [icculiarly  slender  as  com- 
pared with  the  posterior,  hence  the  pariisite  has 
some  resemblance  to  a  whip.  The  male  and  female 
ar€  from  4-5  ctm,  (li-2  in.)  long.  From  the 
posterior  rounded  end  of  the  male  a  penis  and 
spicuhim  protrude  ;  the  genit4il  opening  of  the 
female  lies  at  the  anterior  end  of  the  tliick  part. 
The  ova  are  from  ^i^  to  ^\^  of  an  inch  in  their 
longest  measurement  They  develop  very  slowly, 
and  onl}^  outside  of  the  bmly.  The  hal>itat  is  the 
caput  ciecum.  The  parasite  is  sometimes  extruded 
in  great  masses. 


J  fichtfhsfomn  Duodemdt  (Siratiipjlus  (^  Duckmiiug 
Diiodemilk). 

A  round  jwirasite  measuring,  the  male  about 

Pio.  fiiflp.— T»icHociiPB4Lt?8   ^  of  an  inch,  the  female  a  little  more.    It  inhabits 

Dup&A.  i^jjg  upper  part  of  the  small  inteBtinCj  and  its  pre- 

Bence  is   fraught  with    great  danger,   owing  to  its  nourishing  itself 

by   sucking    the    blood    from    the    intestinal    mucous    membrane,   to 


The  largest  of  nil  ik^ 
intestinjil  round  worms,  ihi 
female  nietL$uriug  loiiifitjjnfei 
1  ni^tre  in  length  and  12 
nim,  in  thickness,  the  mule 
ivUmt  \  TuMrti  in  Iftigtli.  It 
h  found  in  several  of 
lower  animal  but 
raj'e  in  Mita 


Trichina  Sp^alu, 


living  parMitically,  in  iti 
mature  Atate,  in  the  vnajm- 
tino  ill  mnny  wiurTn-Uooded 
animaU  and  in  thiit  of 
and  in  the  mulMrles  of  ih^ 
siiine  in  ita  immature  fttate. 
It  given  riio  to  a  verjr  dam- 
tre»Hing  and  iiometunes  fatal 
disease,  characterised  hj  lota 
of  appetius  proftratjofi,  < 
elation,  wdema  of  iha  iaoo 
and    exTi  and    llie 

most  ex<  c  fialiui   ta 
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the  muBcles.  "NMien  its  presence  is  unsuspecteil  the  symptoms  are 
generally  put  down  to  rheumiitism.  The  latul  teriuinatioii  is  some- 
times brought  about  by  the  occurrence  of  pneumonia. 

The  embryo  form  was  discovered  in  the  ye^^r  1835  by  Sir  James 
Paget,  while  a  student,  in  the  muscles  of  a  dissecting-room  subject 
It  was  afterwards  described  by  Owen,  Its  relationshij)  to  the  adult 
intestinal  worm  was  made  out  twenty  years  afterwards  by  Leuekiirt. 

The  sexually  mature  jmrasite  inhabits  the  intestine  of  several 
warmblootled  animals  and  sometimes  that  of  Man.  The  duration  of 
its  life  is  from  four  to  five  weeki*.  The  parasite,  as  it  is  found  in  the 
muscles,  is  in  an  immature  state,  and  requires  to  Ije  transferred  to  the 
intestine  of  a  second  host  before  it  can  reach  full  development. 

In  the  sexually  mature  comlition  it  is  only  from  j\  to  |  in.  long. 
The  body  is  rounded  and  tibform,  and  is  usmdly  slightly  bent  uiJori 
itsell  It  is  rather  thicker  at  the  posterior  thiiii  at  the  anterior  end. 
The  head  end  is  narrcrw,  finely  pointed^  and 
unarmed,  and  possesses  a  simple  central  minute 
oral  ajjerture.  Tlie  male  has  a  bilobetl  a{*pen- 
dage  posteriorly  to  its  cloaeal  or  anal  aperture, 
and  between  these  is  a  V  shaped  penis.  The 
muscular  cloacn  is  jirotruded  during  copulation. 
The  female  is  rather  stouter  than  the  male. 
The  genital  aperture  lies  far  forwards,  about 
the  posterior  end  of  the  first  fifth  of  the  axis. 
Reproduction  is  viviparous. 

The  embryos,  as  just  stated,  come  to 
inhabit  the  muscles.  T\w  fiat  niusfles,  such  as 
those  of  the  abdominal  wall  and  of  the  front 
of  the  neck,  cont4iin  most  of  them.  So  numerous 
may  they  be  that  the  muscle  may  api>ear  to 
the  naked  eye  as  if  dusted  over  with  pepper, 
Ejramined  mkro.^mpimlltj^  the  little  gray  points 
are  seen  to  be  made  up  of  a  fibrous  nodule  in 
which  are  cont*dned  the  endirj'o  triehime.  They  are  minute  round 
worms  coiled  up  two  and  a  half  tinius.  In  due  course  the  euf^ipsuling 
fibrous  tissue  undergoes  calcification  and  the  jtan^site  dies  and  dis- 
appears, .so  that  in  cases  of  okl  standing  the  trichina  may  not  be  found  ; 
nothing  remains  but  a  little  calcified  filirous-tumour-Hke  body. 

ScKin  after  the  intrusion  of  the  panisite  the  surrounding  muscular 
fibre  loses  its  original  structure.  The  fibrilhi*  degenerate  into  a  (inely 
granular  substance  and  the  sarcolemma  thickens.  The  spot  inhabited 
by  the  trichina  is  converted  into  a  spindle-shaped  w^idening,  which,  by 
consolidation  of  surrounding  parts,  becomes  transformed  into  a  cysl>Iike 
canity. 

Life  History. — This  is  as  follows :  The  embryos  are  introtluced 
into  the  intestine  of  Man  or  *rther  warm  Idooded  animal  through  eating 
usually  infected  pork     On  the  second  day  after  being  intrc^luced  they 


Fio.  (101.— TRicnijiA  spittAUfi ; 
Embryo  kmaei»Iiicii  in  Mla* 
( Li;  (after  Lpttckart). 
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become  aexually  matiiTG.  The  ova  are  de%'elo|>ed  into  minute  nmru 
tike  embryos  ^nthin  the  utoni8  of  the  motht^r,  and  in  this  oonditmi  an 
extruded  from  the  gtmit^l  a[>ertiiro.  They  arc  l)orn  from  tlie  mmA 
day  onwiinls  after  the  trichina  has  tftkon  up  9t4  reaidcnee  in  tW 
intoetine.  The  numlier  of  young  in  eurh  tiuithor  is  from  10,000  In 
15,000. 

The  libemt^l  embryos  soon  Iw^'n  to  migrate.  They  fienetmt4»  ibe 
itite^tirial  wall  and  \mv<s  thrungh  tJie  alKlotninat  cavity  into  the  inter- 
niiiAtHilar  Beptji  of  the  i^urrul^uling  and  di^itant  nuiDcles  (Leiiekany. 
Their  niimfKT  <lecreii8o»  fioTn  the  alMlomon  ontwanifi  ;  they  are  more 
ntimorons  on  the  anterior  than  oti  the  posterior  a«f]>crt  of  the  body. 
The  embryos  pierce  into  the  snbsUitice  of  the  fteimral>e  ittitficqljir 
Imndles,  and  after  fourteen  days  ae<[uire  the  chanifters  of  thi^  firdtnuiy 
nnisele  trichina*  (Lcuckarl). 

If  now  Bucb  rtesii  In*  eaten  in  an  nncfw»ked  state  by  a  Min*onil  vmna* 
bliMxled  h«>st  the  enibryos  are  libentted  in  the  sstoinaeh  and  agam  arri?^ 
at  maturity  in  the  intefttine.  The  embryo  in  the  case  of  Man  in  itfltully 
deriveil  from  the  pig.  The  pig,  it  is  «iid,  is  infecteil  chiefly  by  de%OQfing 
the  body  of  the  rat.     Trichinosia  is  a  common  disvease  of  the  rat, 

Eigbt  percent  oP  AmcHcAti  swine  ulaugbt^ned  arc  Aid  to  cotitain  trichizut  i&lficlit 
Slid  AtwW),  Sotiiethiug  likt*  13,000  j)«rt4iii««  ui»y  be  cotitain«Ml  in  a  cubk-  inch  of 
muscle  Ukca  frtmi  a  bog, 

8omo  estimates  have  been  mtdc  by  f^euclart^  Tbudicbum,  CobboM,  and  o^htn 
Afl  to  tbi?  number  of  embryos  wbich  may  be  coutaiued  in  tbc  bcnly  of  •  ainglm 
It  bas  been  caletiUted  tbdt  in  a  bunian  etibject  ex«niine4l  by  Tbtidirhum  th«« 
40,000,000,  and  in  auutlier  f<:cAritini  d  by  OibUdd  lut  many  aa  100,000,000. 

til  an  utitbruak  of  tricliiaoHij  wbub  itrcurred  in  EngUnd  Cobbold  cmlcttlatwl  thai 
the  l!^*b  of  a  bog  oontajucd  fotnething  Uk«?  $0,000  to  the  oanee.  The  ooiUQiiiiit  •f 
A  pound  of  sucb  flesK  woubl  be  capublv  of  producing  in  the  bniiiMi  body  9M  niAny  aa 
400,000,000  of  a  progeny* 

Tb«  emWycNi  ure  by  no  means  deatroyi^d  in  all  cams  by  ortltuary  ni^tbmU  *i4 
roitfting,  cooking,  piokling,  or  cmoktng,  TIiq  bcfit  Bafpguanl  ia  to  bavr  the  flr^h  vi 
ibrngHtcrrd  animala  canfully  examined  by  comtwteut  antltoritiea  before 
eouiuxned. 


i 


Filaria  San^nii  Ifominii, 

For  what  we  know  of  this  parasite  we  are  chiefly  indebted  to  Lewk 
in  India,  Manson  in  China^  and  lianeroft  in  Atidtralia.  A  rwry  ftw 
OMes  have  frtjni  time  to  time  been  noticer!  in  thin  country.  Til*  fnt 
WM  deftcribed  by  Gabb.  It  apjwar*  to  be  tndigenoua  only  witltiii  lfc« 
tropic*. 

Embryo  Stag^e. — The  pant&ite  is  best  known  in  thi«  forta.  Ii 
tftkes  the  shape  of  a  minute  round  worm  ^  to  ^  inch  long  by  n^i 
inch  broad,  which  u  paraaitieal  n|^ion  the  blood.  It«  brendtli  ii  %hm 
very  much  the  same  as  that  of  a  coloured  blo4jd-eorpuiel«.  It  !•  •oeie- 
what  thicker  at  the  one  end  than  at  the  other.  It  is  encloaad  in  a  d^Koile 
aac  which  ia  rather  longer  than  the  embryo  itaelL     Ita  : 
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as  seen  in  fresh  blood,  are  particularly  lively  and  spake -like  in 
character. 

It  is  absent  from  the  blood  during  the  duy  unless  rjuite  exceptionally, 
and  reappears  by  six  o'clock  at  night.  By  twelve  o'clock  it  is  so  abund- 
ant that  a  hundred  may  be  counted  in  a  single  droplet  of  blocjd.  As 
morning  arrives  they  diminish  in  numbers,  and  by  eight  or  nine  o^clock 
again  disappear.  It  m  not  known  what  comes  of  them  in  the  int<3rvals 
in  which  they  are  absent. 

Mature  Parasite, ^ — The  mature  parasite  was  discovereil  by 
Bancroft,  one  in  a  lymphatic  abscess  of  the  arm,  and  four  others  in  a 
hydrtDcele  of  the  cord.  It  is  about  the  thickness  of  a  human  hair 
and    from    3    to   4    inches   long.      It   is  viviparous^  and   emits    the 


® 


Fio.  GQ2.— FrLAtiiA  SAKortKis  HoMitrts  (ift^r  LewLit). 


embryo  filaria?  in  immense  rnrrnliers  from  the  genit^il  aperture  about 
the  centre  of  the  Ivody.     The  male  and  female  are  sepaiate* 

Life  History. — It  is  alleged  by  Manson  that  the  embryo  filariae 
gain  entrance  to  the  human  Iwdy  through  the  agency  of  the  mosqnita 
In  the  stomachs  of  mosquitos  which  had  bitten  a  filarious  subject 
numerous  filariie  were  found  by  him  in  a  living  state  several  days  after 
they  had  been  intussuscepted.  The  mosquito  defweits  its  e^^  on  the 
surface  of  water  and  sidisequently  <]ies,  and  it  is  suppr*sed  that  the 
filarifie  get  into  drinking  water  from  the  dead  body  of  the  mosquito 
and  thence  are  transferTe<l  to  the  fresh  host 

Diseases  induced  by  it, — They  are  said  to  be  present  in  the 
blocwl  of  10  per  cent  of  natives  in  India  where  the  disease  is  endemic, 
but  many  of  these  do  not  sutler  in  health.  The  parasite,  in  its 
embryonic  state,  may  apparently  esciipe  from  the  kidney  and  induce 
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liannfituria.  Much  more  fretjUeutly  it  acconi' 
i*aini*s  Chylnria  and  L^niiph  Scrotuin  (»ee  de- 
scription under  these  headings). 


Guinm-fForm  (DracunciilttB  MedinensiB). 


iif 


A  iiomatiode  fi 
inch   in  thickness^ 

indriciil     The 


1  to  6  feet  long  »nd  mhtmi 
The  body  is  uiiifartnij 


eunculus 

The  female  lic8  tn  the  subcutaneous  tissues  of 
dtlfererit  \^rU  of  the  Ijody^  usually  thie  lif  or 
some  other  jwirt  which  touche^^  water,  as  Hm 
shoulder  in  watercarners.  The  parasite  is  riii* 
jmroiis.  The  embryo  parasited  (Fig,  604)  are 
emitted  from  the  genital  aperture  and  are  cast 
off  into  the  water  They  attach  themadfei  to 
the  i^kin  of  the  leg  or  other  part  and  minagfi  to 
make  their  way  into  the  subcutaneous  arvolai* 
tissue.  When  the  female  is  distended  with 
embryos  it  comes  to  the'  surface  and  throws  diem 
off.  In  doing  so  it  gives  rise  to  great  ItKad  irrita- 
tion. 


Suctorial  Worms  or  Tresiatoda* 

Flukes,^ 

1  1 ')!.  These  are  very  rare  in  the  case  of 
but  in  the  hrrbtv(»ra  are  common  ]iaraidl««  of 
bik'  tliu'l.s.  Accortling  to  CublK»ld,  tho  oommoD 
Huku  u  the  Fa«tciula  hejiiitira  ;  it  is  sometime*^  bot 
wrongly,  ajiid  to  Im  the  DistAima  heimticum. 

They  are  small  lanceolate,  flounder*  or  sole* 
fishdike  bodies,  ab^^ut  I  inch  long  and  ^  inch  broad. 
They  jwssess  a  distinct  dorsal  and  ventral  torfaoi 
and  a  so-called  head  and  neck.  They  have  tw© 
svickers,  one  near  the  mouth,  the  other  on  tj»# 
ventral  as{>ect  of  the  body.  The  colour  b  dull 
brown,  exjictly  like  that  of  a  solefish.  Tbdr 
fifH*cial  habitat  is  the  gall  Viladder  and  btle-dncta. 
Thc'V  give  rise  in  sheep  to  the  disease  known  as 
rot|  a  disease  characterised  by  dilatation  of  llie 
biledticts  containing  the  Hukea,  by  thickeniiif  ol 


I  The  t«itn  ''fluke"  in  at  8axofi  otlgla,  a&d  !■ 
(Hh  bIm  ;    sfler   t^iie*    to  &  Hat  object  •ui^ti  M  a  floaitdnrf  the  laikini  of  iIm  UJl  ef 
k&rtX  oeU(?e«uft»  or  Uie  UtaJe  of  sa  mSkdhOT* 
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their  walls,  and  by  the  deposition  of  cirrhotic  fibrous  tissue  around 
them.  The  obstruction  caused  by  the  cirrhotic  tissue  to  the  passage 
of  the  portal  blood  through  the  organ  induces  more  or  less  abdominal 
dropsy. 


BUharzia  Hsematobia  (Distoma  Haematobium). 

The  Bilharzia  is  the  cause  of  a  very  protracted  and  often  fatal 
form  of  hsematuria.  Its  reproductive  organs  are  in  separate  indi- 
viduals. The  female  is  from  16  to  19  mm.  long  and  almost  cylindrical 
in  form.  The  male  is  slightly  shorter — from  12  to  14  mm.  long.  The 
body  is  flattened  and  posteriorly  is  bent  inwards  so  as  to  constitute  a 
groove  or  channel,  the  gynsscophork  canal,  into  which  the  female  is 


Fio.  604.— Embryo  Dractjkccli  (after  Cobbold). 

received  (Fig.  606).  The  female  is  thus  the  longer  and  the  more 
slender  of  the  two.  The  male  has  a  horse-leech-like  aspect.  The 
mature  parasite  resides  in  the  blood-vessels,  more  particularly  those 
of  the  urinary  bladder. 

The  recognition  of  the  ova  is  an  important  point,  as  they  are  shed 
in  the  urine,  and  the  diagnosis  of  the  disease  in  great  measure  depends 
on  their  detection.  They  are  elongated  oval  bodies  -12  mm.  long, 
sharply  acuminated  at  one  extremity  (Fig.  608,  (/),  and  often  con- 
taining black  pigment.  They  are  found  adhering  to  the  free  surface 
of  the  bladder  (Fig.  607)  and,  it  may  be,  distributed  by  the  blood  to 
nearly  every  organ  and  tissue  of  the  body.  They  may  induce  a  fungoid 
condition  of  the  wall  of  the  bladder  (Eve,  No.   192,  xxxix.  1887-88, 
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p.  184).  Sometimes  they  are  found  on  the  mucous  membrano  of  tba 
intestine. 

The  emijiyu  (Fig.  C08,  c)  h  a  minute  ciliated  animAlcule,  ami  iU 
hatching  from  the  ovum  can  often  be  ^ntnessed  in  the  urine. 

The  para.site  gains  entnmcci  it  in  said,  through  the  drinking  water, 
und  (CobMd)  through  l^ecoming  panisitic  on  certain  of  the?  gBLxlefti^ui 
molluiK'a.     It  gives  rise  to  diurrha'a,  ha^maturia,  Eg>  jitian  dUonMSi 


(l>tm>W4    HrrAiitiJi),    twnnifO 


Phi. oiifK  -  DiitnkKA ( Himi^ii^a) 
U.i.i*iir\>iiiiM«      Ifjit.*     Aim 


(*fteT 


kftiL). 


colicky  |minR,  and  great  prostration.     The  diseaiK)  induced  hf  k 
chii^tly  confined  to  Eg}*pt  ami  the  Cii|H5. 


Fr..\T  Worms  or  Ckstoda. 

1  ir>5.  The  t^iii  or  ta^ic  wumis  rire  timong  the  commoocflt 
intestinal  purasiti's  in  warm  bliKxk**J  unrmals.  They  cnn  hardly  bt 
regarded  ft«  single  tToatureis^  hut  rather  us  ril>liondikc  colonic*  of  IIUUI7 
indivitiualii  jiiinted  tiigether.  The  segmenta  are  known  as»  progilol|]da% 
and  when  fully  groim  may  for  same  time  lead  a  tcparato  exkt^Dce. 
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Should  the  liead  be  expelled,  however,  the  proglottides  all  die  bofori 
long.  The  distiuctive  point  of  diagnosis  lies  in  the  charsicters  o(  tie 
head. 


TiBHia  Solium, 


Tbii  is  the  tipewonn  derived  from  eating  irifect^Hl  pirk.     It 
its  hahitat  in  the  sniall   intt'stiiic*.      It  is  a  long  soft   while  joiiit«d 
organism,  which  when  alive  elongates  and  con- 
tracts with  facility. 

The  head  is  rarely  met  with  on  aeccmnt 
of  itii  being  seldom  evaeujitod.  In  front, 
there  in  a  well-marked  rost^^lbm,  and  at  the 
bjise  of  this  a  fringe  nf  hooklfts.  The  htjok- 
let«  tlitfer  in  sixe,  alternat^^ly  larg«!  and  umall 
The  head  is  provided  with  four  round  sucketm. 
It  also  dii^plays  a  numbt^r  of  dark,  almost 
lilack,  pigment  granules,  and  some  calcareous 
disc^,  which  are  particularly  ahuriilant  at  ibc 
liaise  of  the  rostellmn  and  neigh b<»ur hood  of 
the  htM>klets,  A  water-vascular  system,  mn 
m  the  other  cestoda,  ntns  down  each  side  of 
the  body  and  aeross  the  joints.  The  tuljes  are 
d4»tible  in  the  region  of  the  head.  Each  lfg> 
mciit  or  proglottis  is  jimvidcnl  with  coillplolO 
niidt'  and  ft^mide  sexual  orgJiUES  the  aiiimftl 
iH-iiig  hernuiphrodite.  In  each  there  isa  penli 
and  Meniinal  vesicles,  with  ovary,  braAcbed 
ntertis^  and  vaginal  canal. 

Nourishment  is  carried  on  by  imbibition  of  the  cootentii  of    the 
intestine. 

The  ova  are  jxissed  in  great  numl^ers  in  the  fteces,  and  giire  ibeat 
a  sanddike  aspect     The  ova  are  globular,  and  contain  a  pretty  weQ 
atlvaneed  embryo  at  the  time  they  are  ejected.     The 
ovicapsule  is  radially  striata 

Life  History. — ^Immonse  numl^ers  of  ova  escape 
with  the  fivcal  matter  and  get  into  all  manner  of  situa- 
tions.    They  are  swallowed  by  a  second   host  (pig,  ox, 
fish)*      They  cannot  develop  in  the  urigiiml  host,  even 
although  fertiliMHi,  but  when  taken  into  the  stomach 
of  the  si^eond  host,  the  ovicjifisnle  is  dissolvetl  by  the 
secret  ion  of  the  organ  and  the  embryo  is  set  free.      It 
is  pntviflod  with  («ix  fiiliceoun  hooks,  and  hence  is  known  as  the 
hooked  embryo  or  proscolex.  By  means  of  these  hooka  it  aluichai 
itself  to  tfie  w^all  of  the  stonuvch^  and  bores  through  iti^  coaU  into  A 
neighbouring  tissue  or,  it  may  bc»  into  a  blood  vi^x^il  bv  whoM  initfii- 
montality  it  is  conveyed  into  distant  organs. 


iUdm 


Fiii.  flow— ll»At»  or  T*3»u 
BoutTM  <«ai<r  Lmckftnv 


t>fl*r   a#ltari 
•Untt  ids  tlud^  I 
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Once  Ifjcated  ia  iu  ultimate  tlcsti nation,  tlie  body  of  the  embryo 
becomes  distended  into  a  little  cyst,  while  the  hookiets  fall  off. 
The  term  cystkercus  cellulos^e  is  often  applied  to  this  cyst-like 
stage  of  develo])iiient,  and  when  the  cysts  arc 
scattered  abnTHkfitly  thmu^h  the  animal,  the  term 
measly  pork  nr  measly  beef  is  applied  to  the 
flesh. 

Soon  a  little  wartdike  bnd  shows  itself  on  the 
interior  of  the  cyst,  which  enlarges  and  becomes 
coDV'erted  into  the  future  head  of  the  mature  para- 
sit-e.  This  immature  head  or  SCOlex  is  further 
enveloped  in  a  membrane  known  as  receptaculum 
SCOlicis.  The  scolices  are  provided  with  hookiets, 
suckers,  rostellum,  and  calcareous  particles,  jnst  as 
in  the  mature  animal. 

If  the  seolex  reaches  the  stomach  of  a  suitable 
third  host,  such  as  Man,  the  cyst-wall  is  dissolved  tracte^i  una  ppotrnd«5d 
and  the  Bcolex  set  free,  and  from  it  is  developed  the  r**spH?cUvi'iy ;  (.)  older 
chain  of  prodottiiles.  The  mature  worm  is  known  ^^^mpi^^wiiii  rntnictM 
as  the  strODlla* 

Three  hosts  are  tbus  required  for  it^  development. 

From  Host  No.  1  the  ova  are  thrown  off. 

Host  No.  2  swallows  the  ova  and  liberates  tbe  proscolex  or  six- 


Fio«  0U,— Ctstioerovb 
(a  miU  h)  Young  ex- 


Fiw.  (112.— CincLK  it¥  UoitKLrm  or  a  Sodlkx  in  the  CTRTicuRCoa  CwLUVumM 
(nft*r  Perl» ;  a  about  110  Diaus.) 

hooked  embryo.     It  is  transformed  into  the  cysticorcus,  and  within 
this  the  scolex  is  developed. 

VOL.  u  3  z 


II 


This  pjimsite  is  the  most  impiirtAtit  n( 
all  the  Uijxnvortijs,  on  Aeefiiint  of  th« 
gcohci*«  beiii;:  ohvn  loaited  in  Maii,  enchi^ 
in  one  or  more  hu^o  ey&U.  Th<?Ae  vpttA 
go  by  the  name  of  **  hydftlid*.**  It  is  sdau 
a  common  dtsejwie  of  grnzinf^  animal/^. 

The  mature  parasite  10  a  small  upi> 
worm,  only  about  a  nimmT  of  an  inch  lon^ 
which  lives  in  the  intestine  of  the  tlog.  It 
is  jMi8i>e8»tHl  of  fonr  si^gmenU,  and  is  ditr 
tiiiguished  by  the  great  length  of  the  k»t 
<Fig'  617).  Thia  u  «ta  long  wi  the  other 
three  cumbiniHl,  The  heail  liaa  a  pointed 
rostallutn,  with  a  fringe  of  thirty  Ui  forty 
hookleu  at  iU  baae,  and  fonir  suckerib 
Numerous  calc&r^ua  particles  tie  aeen  in 
the  head,  and  there  it  a  wrnlar  Taaodir 
system  ntnninj:  cJowti  rnrh  *tflr  of  th*?  body. 

The  cyst-wall  or  hydatid  is  a  thick 
gelatinous  membrane  which  wht*n  iletaehcd 
tends  to  curl  inwanls.  It  consij$ts  of  two 
layers,  an  outer  or  rrt4frysi  and  an  inner  or 
ttiih^Hst  (Huxley).  The  ectocyat  \a  merdy 
a  cbiiinous  envelopment,  and  i^  sometiisuai 
known  t^s  the  CUtictlla  on  that  account; 
the  endwyat  is  that  from  whirb  t^*' 
scolices  arc  dcvelojied. 

Thesij  are  84iH?n  lirojecling  from  i: 
aspect  as  little  wart  like  Widie-s.  1  f 
freijUently  in  a  bunch  uf  fcmr  or  mar^  at- 
tacheil  III  a  common  stem  (Fi^.  *5 1 8, 1 ).  They 
have  much  the  tiume  chanicterM  as  the  heaijii 
of  the  mature  worm.  They  mea»tire  at 
niortt  3  mm.  in  lengthy  and  arc  prorided 
with  four  8Uckers»  and  a  fringe  of  hookteti 
aA  namerou9  as  in  the  aflult  but  leea  tn  aua. 
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Theie  booklets  often  become  detached  in  tapping  the  ejrit  The  hie% 
of  their  occurrence  in  the  liquid  is  perfectly  diagnostic* 

The  8colice«  have  the  power  of  retracting  the  rostellunit  m>  ihftl  tli« 
fringe  of  hookletg  may  under  these  circumatuices  apptsar  to  be  i&  the 
centre  of  the  hody. 

The  cyst  is  filled  with  clear  liquid^  having  a  S{iecific  gravity  natptig 
from  lOOy  to  1015.  It  contains  much  sodium  chloride  but  no 
albumin. 

In  Man  the  cyst  is  usually  single,  and  continues  growing  tuslQ  it 
may  reach  the  siase  of  a  large  orange  or  coco-nut  Sometimes,  how- 
ever, and  more  especially  in  the  lower  animals,  the  cyst  is  mnltilocukr 
from  thf?  develnpraent  of  daughter  cysts  within  it  In  what  is  km^wn 
as  ICchinorcK'cus  votcrinorum,  E.  exogenus,  or  E.  grmnul(j«us,  the 
daughter  cysls  gnjw  ouiminh  from  the  wall  of  the  parent  Theee  haf« 
the  sjiitiu  |K)w<'r  uf  loaning  scolices  as  the  original,  in  another  variety 
comm<»ner  in  Man  I  he  sk^condaij  cysts  are  developed  tri/Atn  iki  orjfiael 
cyst,  and  Humotiiite^  even  tertiary  cysts  are  seen  within  theee  (H 
endo^nuA  f»r  E.  hydatitiosus). 

Life  History. — The  ova  are  cast  off  frum  the  maUtro  pamAle 
in  the  intestine  of  the  dog.  Through  the  drinking  water  or  otJisr 
medium,  they  get  into  the  stomach  of  a  second  wann-bluodcHi  animaL 
The  Bix*hooked  embryo  is  set  free,  and  makes  its  way  through  the 
blood-vessels  of  the  stomach  into  the  liver,  the  eyeball,  lung,  htalAt  or 
some  other  \isivi.  There  it  becomes  distended  with  liquid  and  tra&a- 
formed  into  the  hy  tint  id  cy»t. 

The  cyst  having  reached  the  size  of  about  a  pigeon's  e^^g^  Ike 
development  of  the  iicolice^  commences.  A  little  bud^ike  offahooi  ii 
seen  upon  the  interior  of  the  endocyst  It  becomes  hollow,  and  its 
wall  divide*!  into  two  layers  as  in  the  parent  cyst  There  i»  ikia 
diflerencei  however^  aa  regards  the  rehitivc  p>8itir»n  of  the  two  laym^ 
namely*  that  they  ap[»ear  to  Im5  inverte*!,  the  eudtw^yst  external,  tbe 
ectoryst  intenml  Tlie  sct>liet»s  then  show  themselves  again  in  tlie 
fonn  of  minute  buds  upon  the  endocyst,  which  in  course  of  tinie  an 
evolved  into  the  head  of  the  futui^  pai*asite.  Although  in  reality  on 
the  outside  of  the  brood-capsule,  they  may,  owing  to  the  capsole 
having  undergone  invagination,  appear  to  lie  on  the  insider  Tbe 
brood-capeulcs  may  accumulate  to  ^^uch  an  extent  as  nearly  to  ftll  Uie 
cavity. 

If,  again,  the  scolices  are  devoured  by  a  canuvurous  aninial  euch  as 
the  dog  (ir  wolf,  they  become  mature  in  its  intealine. 

Species,— From  Cobbuld's  researches  (No,  6G3,  p.  261)  it  wotiM 
appear  that  the  many  species  of  echinococcus  described  are  all  the 
larval  cutiditions  of  the  little  Tienia  echinococcus. 

Dangers.— The  cyst  grow«  to  such  an  «>xtent  that  it  affeeti 
neighbouring  pMirts  injuriously  by  pressure^  In  Man  the  smt  of  it  is 
generally  the  livcr»  whence  it  may  press  tipwards  into  the  diaphmgpit 
and  idtimately  rupture  into  the  pleural  cavity.     The  eteajied 
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Kcite  pleurisy  so  severe  that  it  often  proves  fatal     In  other  sitDations 
ich  as  the  bi-ain  or  in  bone  the  hydatid  may  die  and  the  sac  ch-y  up 
'into  a  cheesy  niass^  in  which,  however,  booklets  may,  even  after  long, 
be  detected.     Sometimes  the  niptiire  takes  i)Iace  into  the  peritoneum* 

IJUratutr  on  Hyd^tlid  /Ji'tr^Mr*.  —  Baldingf :    Hj^iJfitid    Dii*eaRi>  of  Liver,   1880, 

Pe^bie  (in  Liver);  Syst*  MhI,   llfviinkk.  iii.     Berg-er :  Berl.  kHn*  Wochnsehr,, 

li.   1871,  p.   25,     Bird  :  On  Hydatuls  of  the   Lung,  1877.     BoJlingfer  (Multiple 

ydatid:*! :  Sitmngsb.  d.  Ge*iellAch.  f,  MorphoL  w.  Phyaiol.  Muueht'ti,  1SS5,  i.  p,  29, 

Bramwell  (in  Liver):  Edin,  Med.  Journ.,  xxi.  lS75,*p.  515.     Bumke  (in  Liver): 

BerL  kliu.  Wochnschr.,  xx,  1883,  p.  64,     Cumow  (in  Lnng) :  Trans.  Path.  8oc., 

:xxiv.  1S82-83,  \\  24.     Dettiars  r  Des  kystea  bydati<|ueR  du  foie,  l^SS,     Gairdner 

'i  Lung):  Ellin.  Med.  Journ.,  18r>ft  57,  ii.  p.  581.     ureenfield  (in  Luii^^;  :  Trans. 

in.  Soc,,  X,  1877,  p,  103,     Hartwig :  i^nr  CasuUtik  d.  priinaren  Lungtucchinci- 

1883,     He&ni:  Kyates  hyrlatiques  du  ponmon  et  de  la  pb-VTre,  1875.     Kidd 

Haemoptysis  from) :  Trans' Pftth.  H^^L^  Lond,,  xxxvi.  1884-85,  p.  122.     Lcevy  : 

itrage  z,  Casnistik  d.  Lnnj^^L^n-Eeliiuocoeocu,  1885.    Murchison  (in  Liver) :  Lancet, 

868,  ii,  p,  75.     Vierordt ;  Abbamllmig  iib.  d.  ranltilot  ulareu  EcLinococcua,  1886. 


Arthkopoda. 

Ariichmthf 

1V56,  Those  are  mostly  ectoxoa.     There  is  ordy  one,  pentastoma, 
rhicb  {in  its  larval  state)  occupies  deeper  parts. 


i-Hi^!^ 


icanu  Scahiei  (the  Itch  Mit^), 

The  male    is   only  about 
pialf  the  size  of  the  female,  and 

lives  either  ou  the  surface  of 

Ibheskin  or  burrows  qin'te  super- 
'ficially  into  the  epidermi&s. 

The  female  is  from  ^  J^  to 

f^  inch  in  length  ami  ^  J  .  to 

^  inch  broath    There  nre  four 

pairs  of  legs,  and  the  foremost 

of  the  two  posterior  |mirs  in 

the  male,  and  both  posterior 

limbs  in  the  female,  terminate 

iii  a  long  bristle.    Each  r>f  the 

two  posterior  in  the  male  pos- 
.  sesses  a  disc. 
I       The  female  burrows  deeply 

in  the  epidermis,  and  excjivates 

tunnels  or  hurrows  (eunicnli) 

therein.     Within  these  she  de- 
posits her  eggs  in  linear  series. 

In  doing  so  she  irritates  the 

skin   and  causes  considerable 

influmiaation,  ending  in  the  formation   of  papules  and  vesicles. 


(SIS),— AcABrs  ScABiei  (]lALE>-yEirrEAL  Aipscr 
(afl^r  Kaposi), 

It 


Pio.  921.— TrwKBL-uKS  Bvrrow  or  thk  Acarus  Bcabiei  ik  the  EFtDKiuiis,  ftMOwnn) 
TBK  Female  with  m*  Ventjul  Aspect  rxi-osuu. 

A  ripe  onuD  U  uoUcetl  )ti  it^  interior,  «nd  behind  H  ftrt)  twelve  ov»  and  twdvt  ovtcapaolea, 
'Hie  black  particles  wee  excnmctit  (aft«r  Kaposi). 


It  does  not  procreate  in  the  animal  l>o(iy,  and  hence  can  hardly  be 
regarded  as  a  true  parasite. 


i06S 


THE  ANIMAL  PAEASITES  OF  MAN 


TAKtit 


Acarm  (Demodex)  Follkulanim, 

The  head  resembles  that  of  a  true  acanis.  It  has  fotir  JsHort  legi 
and  a  long  abdomen.  It  is  said  to  occupy  the  scbficeoua  gliuida  ia 
acne  of  Miin,  btit  the  fre<[uericy  of  iu  oeeui^ 
rence  within  them  ha^i  apjiarently  VH56ai  A  gOoA 
deal  exiiggeratinL  It  is  the  vhmag  of  OQ«  of 
the  commonest  forms  of  mango  in  the_dog. 
The  cjva  aie  depositinl  in  the  skin. 
deatniction  is  a  matter  of  great  difficulty. 


4 


CHarvibit  Bvo)  f«R«r  KHiilivfi- 


Ptnin^toma  Tirnotdf,<  sen  iJmttaiiaiunk 

Slurply  circumscribed  yellow  ttimoitri  i 
eometin^es  met  mth  protrtidiiig  from  the  i 
face  of  the  liver,  or  embedded  in  ita  siibst*iicc^ 
and  sometimes  8catier«d  dilftifiely  orm"  tlia 
pt^ritoiioiim  of  old  people  They  have  a  tough 
ca[»sule  and  cheesy  or  adcareous  ooiit/enta^  and 

vary  in  sia^  from  a  millet  seed  to  a  |)oa.     They  contain  the  larval 

phase  of  the  above  paraaite. 

The  larva  poesesaes  a  rounded   body   with 

annular    rings,    almost   like    those    of    a    Uenia, 

amounting,  it  may  be,  to  ninety  in  number     It 

is  provided  with  four  buoklets  arranged  round 

the  mouth,  each  provided  with  a  chitinous  hood 

int^  which  it  c-an  bo  retracted.  » 

The  mature  piirasite  is  of  a  kncet  »*hape,  the 

female  from  CO  to  80  mm.,  the  male  from  16  to 

18  mm.  long,  and  about  3  mm.  broad.     It  lives 

in  the  frontal  sinuses  and  nares  of  the  dog  where 

the  ov^  are  ejected.     It  is  occasionally  pai-asitical 

in  the  nostril  of  Man, 

1157,  The  most  importiint  members  of  this 
group  are  the  lice  nr  i)eciiculi.  P.  capitis  or  the 
head  louse,  P.  vestimentofuni  or  the  body 
louse,  and  P.  pubis  or  cnib  louse,  arc  the  three 
varieties  which  are  [Mnuiitical  on  Man.  Their 
ova  ire  cemented  on  to  the  hairi,  and  are  detached 
oonsequently  with  difficulty. 

Cimex  Icctularius  is  the  ordinary  bed  iKig ;  Pulex  trritans 
ibt  common  flea ;  while  Pulex  penetrans  is  the  name  given  to  ibe 
iand-flai  or  chigoe  of  Xc^rth  and  South  America, 
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General  Literature  on  Animal  Parasites. 

Allen  (Parasitic  Hsematuria) :  Practitioner,  xl.  1888,  p.  310.  Clarke  (Psoro- 
sperms  in  Adenoma  of  Cat's  Lip) :  Brit.  Med.  Joom.,  1893,  i.  p.  951.  Cobt>old 
(Olulanosis  of  Gats) :  Veterinarian,  IviiL  1885,  p.  526.  Del^pine  (Psorospermise  in 
Liver) :  Brit  Med.  Joum.,  1889,  ii.  jd.  1393.  Freeman  (Psorospermifle) :  Proc. 
N.  Y.  Path.  Soc.  (1889),  1890,  p.  93.  (Calloway  (Influence  of  Protozoa  in  Disease) : 
Brit  Med.  Joum.,  1892,  ii  p.  1433.  Harrison  (Bilharzia) :  Lancet,  1889,  ii  p. 
163.  Hertz :  Cycl.  Pract  Med.  (v.  Ziemssen),  v.  1875,  p.  462.  KartuUs  (Patho- 
genic Protozoa) :  Ztschr.  f.  Hyg.  u.  Infectionskrank.,  xiii.  1893,  f).  1.  Klein  (Rela- 
tion of  Russell's  Fuchsin  Bodies  to  Altmann's  Cell  Granules) :  Beitr.  zu  path.  Anat. 
u.  z.  aUg.  Path.,  xi  1891,  p.  125.  Lutz  (Amoeba-Enteritis) :  Centralbl.  f.  Bakteriol. 
u.  Parasitenkrankh.,  x.  1891,  p.  241.  Merk  (Psorospermosis) :  Mitth.  d.  Yer.  d. 
JBxztQ  in  Steiermark,  xxx.  1893,  p.  161.  Nasse  (Amoeba  in  Hepatic  Abscess) : 
Arch.  f.  klin.  Chir.,  xliii.  1892,  p.  40.  Pfeiffer  (Gregarinidse) :  Ztschr.  f.  Hyg.. 
viii  1890,  p.  309  ;  cUso^  Die  Protozoen  als  Krankheitserre^r,  1890 ;  cUso^  Beitrage 
zur  Protozoen- Forschun^,  1  Hft.  Die  Coccidien-Krankheit  der  Kaninchen,  1892. 
Posner  (Amoeba  in  Urme) :  Beri  klin.  Wochnschr.,  xxx.  1893,  p.  674.  Power 
(Production  of  Cancer) :  Joum.  Path,  and  BacterioL,  i  1892-93,  p.  495.  Ranke : 
Pulm.  entozoic  Disease  of  Sheep,  Trans.  Path.  Soc.  Lond.,  ix.  1857-58,  p.  456. 
Rosenberfir  (Psorospermia  in  Muscle  of  Heart) :  Ztschr.  f.  Hyg.,  xi.  1891-92, 
p.  435.  RuiSer  and  Plimmer  (Further  Researches  upon  Protozoa  of  Cancer): 
Joum.  Path,  and  BacterioL,  i  1892-93,  p.  395 ;  aXso^  Reprint.  Steven  and 
Brown  (Parasitic  Protozoa  of  Cancer):  Joum.  Path,  and  BacterioL,  Ck^t.  1893; 
(Uso^  Reprint.  Sutton  (Psorospermise  in  Ureter) :  Brit.  Med.  Joum.,  1889,  ii.  p. 
1392.  Touton  (Russel's  Fuchsin  Bodies  and  Goldmann's  Spherical  Colls) :  Arcn. 
f.  path.  Anat,  cxxxii  1893,  p.  427.  Willach  (Nature  of  Coccidia) :  Arch.  f. 
wissensch.  u.  prakt.  Thierh.,  xviii  1892,  p.  242. 
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PART  V 

ANIMAL  HEAT  AND  FEVER 


CHAPTER  XCVIII 
ANIMAL  HEAT  AND  FEVER 

1158.  Although  researches  upon  the  subject  of  animal  heat  in 
reality  commenced  with  Lavoisier,  we  are  even  yet  far  from  having  a 
satisfactory  understanding  of  the  matter.  More  especially  is  this  the 
case  in  the  domain  of  fever.  For  as  most  fevers  are  caused  directly 
or  indirectly  by  the  presence  of  parasitical  microbes,  it  can  be  readily 
understood  that  many  new  fields  of  research  in  pyretology  have  been 
opened  up  by  our  increasing  knowledge  of  their  habits  and  pathogenic 
properties. 

Facts  like  that  of  the  glycerine  extracts  of  tubercle  and  glanders 
cultures  exerting  such  a  profound  and  specific  influence  over  the  heat- 
producing  and  other  metabolisms  of  the  tubercular  or  glandered 
animal,  and  not  over  those  of  the  same  animal  in  health,  are  them- 
selves suggestive  of  fresh  inquiry. 

We  inject  a  quantity  of  putrid  liquid  into  the  circulation  of  an 
animal;  the  animal  is  thrown  into  a  state  of  fever  and  may  die. 
Still  we  have  little  idea  of  how  the  putrid  agent  excites  the  fever, 
whether  it  acts  by  suppressing  the  normal  excretions  and  causing  a 
poison  to  be  retained  which  stimulates  the  heat-regulating  mechanism, 
or  whether  it  contains  something  which  of  itself  influences  the 
thermal  areas  in  the  brain  and  lower  nerve  centres,  or,  mayhap,  has  a 
direct  action  upon  the  heat-generating  tissues  themselves. 

These  and  other  such  like  speculations  must  open  up  to  the 
reflective  mind  lines  of  investigation  as  yet  practically  untouched,  and 
which  until  followed  out  must  render  the  subject  of  the  pathology  of 
fever  always  more  or  less  unsatisfactory. 

The  Normal  Temperature  of  Man  and  other  Animals. 

1169.  Animal  life  is  capable  of  existing  only  between  the  tempera- 
tures of  O''  C.  and  45°  C.  The  lowest  temperature  at  which  Man  can 
survive  is  24°  (Reinke),  the  highest  between  44°  and  45°  C.     Wunder- 
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lich  records  a  reading  of  a  temperature  of  44*75''  C.  (112*55''  F.)  in 
an  individual  suffering  from  tetanus,  but  this  is  quite  phenomenal, 
and  the  ))erson  died  shortly  afterwards.  Instances  of  temperatures 
recorded  as  above  this  are  to  be  regarded  with  suspicion,  as  due  to 
error  in  the  observer  or  to  deception  on  the  part  of  the  observed. 

There  is  a  certain,  although  not  very  great,  discrepancy  in  the 
readings  given  of  the  average  rectal  temperature  of  Man.  Thus, 
according  to  Richet  (No.  657,  p.  64) — 

Jiirgensen  makes  it  .  .         37*7*  C. 

Wunderlich  37*35  „ 

Jager  ....         37*13  „ 

Oertmann  ....  37*19  „ 

Redard  .  .37*65  „ 

The  discrepancy  may,  however,  be  accounted  for  by  the  fact  that  the 
quotidian  temperature  varies  at  different  times. 

The  average  temperature  in  the  axilla  is  36*99°  C.  (practically 
37°  C.  or  98*6°  F.).  It  is  much  higher  than  cutaneous  temperatures, 
from  the  fact  that,  as  usually  taken,  the  reading  does  not  represent  the 
temperature  of  the  siu-face,  but  of  the  textures  an  inch  or  so  below  the 
skin. 

The  cutaneous  temperatures,  as  ascertained  by  J.  Davy  (No. 
321),  are  as  follows.  The  observations  were  made  on  himself  whUe 
standing  naked  with  the  teniiKsrature  of  the  room  at  2 1  °  C.  He  found 
that  of  the  skin  to  be  as  follows.  Only  the  under  surface  of  the  ther- 
mometer was  allowed  to  touch  the  skin. 

MidtUe  of  the  solo  of  the  foot                   32-20'  C. 

Near  tendo  Achillis  .                         3:^85  „ 

Anti'rior  surface  of  leg  33*05  ,, 

Middle  of  calf  33*85  ,, 

r>eiid  of  knee          .  35*00  ,, 

Middle  of  upper  arm  34*40  „ 

ln«;uiiial  fold           .  3580  „ 

Near  cardiac  impulse  34 '40  „ 

The  temperature  of  the  mouth  under  the  tongue  is  from  37  to 
37*7  C.  (dassot),  that  of  the  vagina  3S'3  C.  The  internal  tem{>era- 
tiu*e  of  the  Ixnly  may  be  readily  taken  by  micturating  over  the 
thernionieter  bulb.  The  temperature  of  the  urine  is  that  of  internal 
pjirt^  (alMnit  .'{7    C). 

The  nu'aii  temperature  of  the  blood  is  alxMit  39  C.  The  blood 
of  the  //'////  .</'/'■  <'/  thf*  hniri  is  warmer  than  that  of  the  left  side,  a  fact 
siiid  to  be  explained  in  |)art  by  the  high  tem|)erature  of  the  liver 
(4r*J.'>  ('.  in  the  sheep).  The  bloo<l  of  the  If^/Hiiir  rtiu  comes  up  to 
31)7  ( '.  Althoujih  the  tennK'rature  of  the  bl<MKl  on  the  venoits  siilei»f 
the  heart  is  hi;^her  than  that  on  the  arterial,  the  siimc  does  not   hold 
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good  for  the  venous  blood   in  peripheral  parts,  the  temperature  of 
which  is  lower  than  the  arterial. 

The  temperature  of  the  tissues  rises  m  accordance  with  the 
activity  of  the  meUholism  going  on  in  thenij  the  fjiumtity  of  blood  they 
contain,  and  the  distance  they  lie  from  exposed  jmrts.  It  is  pretty 
universally  conceded  that  the  brain  is  the  warmest  organ  in  the  body* 
III  the  child,  up  to  nine  years,  the  mean  temperature  ia  somewhat 
higher  thsm  in  the  mlultj  and  the  newlydiorn  child  is  warmer  than  the 
vagina  of  the  mother. 

The  temperature  of  the  horse,  donkey,  and  ox  is  37  5  C\  to 
Z%^  C,  of  the  sheep  and  rabbit  3S  to  3D%^>'  C,  and  of  the  mouse 
40^  C.  (Munk).  Birds,  it  should  be  rememltored,  have  a  relatively 
high  temjK'rature,  that  t»f  the  common  fowl  arul  pigeon  being  -i^T  C 
The  temperature  of  fishes,  like  that  of  other  cold-blooded  animals, 
viiries  with  the  temperature  of  the  medium  in  which  they  are  immersed, 
~ui  is  usually  about  •05"'  to  '1^  C,  above  that  of  the  water. 
Amphibians  {the  frog)  have  a  temi>erature  usually  about  1 ""  CI  above 
that  of  the  surrounding  medium,  and  reptiles  from  1  to  4  C,  above 
the  temperature  of  the  air  (Mivendrick,  No.  3l!,  ii.  p.  438). 

Diurnal  Variation. ^ — The  temiieniture  of  the  body  as  measured 
in  the  rectum  or  axilla  is  not  the  same  at  every  period  of  the  day. 
There  comes  a  rise  with  the  afternoon  hours,  and  a  fall  again  up  to  the 
early  hours  of  the  morning.  It  apjjears  to  bo  highest  between  the 
hours  of  three  and  six  in  the  afternoon  (37*n°  C,  Jiirgensen),  and 
lowest  (36*7'  C.)  between  three  and  five  o'clock  in  the  morning 
(Jurgensen,  Liebermeister,  Eichet).  The  lihtan  diurnal  temperature 
is  therefore,  under  ordinary  circumstances,  higher  than  the  nocturnal ; 
there  is  a  difTerence  of  something  like  *4'*  C.  It  may  happen,  however, 
that  this  relationship  is  reversed,  and  mostly  so  in  those  who  work 
during  the  night  instead  of  during  the  day  (Richet). 

The  elevation  of  temperature  in  the  afternoon  is  said  to  be  duo  to 
e  inception  of  noiuishmeni  and  to  muscular  exercise.  But  the 
falling  otf  in  the  evening  ensues  in  spite  of  the  principal  meal  of  the 
day  being  taken  at  this  time.  In  fever,  moreover,  notwithstanding 
that  the  individual  is  on  fever  diet  and  lying  in  bed,  the  same  rise  in 
the  afternoon  is  invarialily  noticed.  Hence  objection  has  been  tjiken 
to  the  theory  of  extraneous  circumstances  being  the  cause  of  it. 

According  to  Richet  (No.  657),  it  cannot  l>e  due  entirely  to  diet, 
although  to  a  certain  extent  it  is  inlluence<l  by  it>  He  traces  it  rather 
to  the  nervous  system  Wing  at  this  time  of  the  day  in  full  functional 
activity. 

A  remarkable  fact,  as  brought  out  by  Jiirgensen ^s  researches,  ia 
that  the  mean  temperature  of  the  human  bo<iy  in  the  twenty-four 
hours  is  remarkab!}^  independent  of  conditions  which  temporarily  affect 
it  Thus,  if  from  any  cause  the  tempeniture  be  suddenly  raised,  the 
excess  of  temperature  is  compensated  for,  as  it  were,  by  a  corresponding 
falL  This  fact  has  been  taken  advantage  of  by  Liebermeister  in 
VOL.  II  4  A 
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accounting  for  the  n/itviral  full  which  takes  place  in  the  evening  iifUr 
the  rise  in  the  afternoon.     It  is  a  compensatory  measure. 


Influence  of  Temperature  of  SurrQuitdifigs  (m  thai  of  the  Bodff. 

From  a  t^^mperature  point  of  view  there  may  be  uud  U>  be  two 
kinds  of  beings,  luimely,  (1)  those  whose  temp*niture  varies  with  tiio 
surroundings ;  (2)  those  whoee  tem}jemture  is  practically  eoofUnt 
whatever  the  external  temperature  may  be.  The  former  are  known  as 
cold-blooded  or  |>oikilothermal  animals.  Their  combustion  is  low»  and 
they  are  devoid  of  the  power  of  regxilating  it  according  to  eircttin- 
stances.  } fence  they  perish  if  the  temi>erature  of  the  ambient  medtuiB 
differs  much  from  that  of  their  l>odies.  The  hitter  am  kntiwn  aa 
warmblowled  or  honioiothermal  aninudrt.  They  are  jirovided  with  a 
healrregxtlating  nerve  mechanism,  as  yet*,  however,  not  well  understood. 

The  |>eripheral  t*>inj>eniture  of  the  warm-blao<Jed  animal  changes 
only  slightly  in  accordance  with  that  of  the  surroundings.  The 
tcmperaturo  of  internal  parts  doee  so  alsoi,  but  even  to  a  less  extent 
S<j  that  if  the  bticc4il  tem|>eratur6  varies  2*5''  C.  owing  to  cliuige 
in  the  temperatiue  of  the  surroundings,  that  of  the  rectum  vikries  not 
quite  1    C.  (Kiehot^  No.  657,  p.  104). 

And  even  these  variations,  due  to  the  temperature  of  the  envolc^ 
Ing  medium,  are  not  durable.  In  passing  from  a  cold  to  a  warm 
district  the  l^^mpemture  may  rise  for  the  lime  Itcing,  but  S4>on  cuoios 
back  to  the  normal  Travellers  from  England  to  India  experience  at 
first  a  rise  of  temperature  to  38'  C,,  but  Ix^fore  lung  it  returnii  to  tlie 
normal  It  is  no  doubt  possible  to  survive  a  body  temperature  of 
43"'  C.  or  a  tittle  above  it.  In  hot  countries,  however,  the  tempem* 
ture  of  the  atmosphere  may  come  tip  to  50',  60",  or  even  80^*  C,  and 
yet  the  temperature  of  the  body  in  those  acclimatised  to  it  not  tmA 
beyond  the  normal 

The  same  high  temperature  carniot  be  borne  in  a  moist  as  in  «  drjT 
atmosphere.  The  reason  is  that,  in  the  moist  atmoqihrre,  timmflim- 
tiou  does  not  go  on  so  freely  as  in  the  dry,  and  hence  the  body  cannoi 
relieve  itself  of  its  extra  heat  through  thi^  channel 


Sourea  af  Ankmal  Hmt, 

They  are  ebielly  the  combustion  or  oxidation  of  the  eurboe, 
hydrogen,  and  other  elemental  of  the  l>ody  within  the  tissuea.  1 
most  (if  the  chemical  interchanges  occurring  in  the  body  tfe 
|Kinied  by  the  evolution  of  heat.  The  {>erformance  of 
work,  of  intellectual  work,  and  the  act  of  secretion  from  f^nndsmsB 
atH'ompanied  by  the  liberation  of  heat.  Pllcctdcal  currents  in  muadei 
are  transformed  into  hcat^  and  there  are  several  minor  sourota  IfoiB 
which  it  is  also  derived 
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Danilewsky  and  Rabner  (No.  49, 1885,  i.  p.  190)  give  the  following  combustion 
equivalents  of  yarious  articles  of  diet.  For  1  of  dry  substance  they  find  the  follow- 
ing equivalent  in  calories  : — ^ 

Casein  and  blood-fibrin 

Vegetable  fibrin 

Albumin  . 

Muscle 

Hemoglobin 

Peptone    . 

Fat 

Cow's  milk 

Bread 

Rice 


9423  (R) 


It  would  thus  appear  that  in  the  process  of  hydration  necessary  to  convert  albumin 
into  peptone  it  loses  from  16  to  18  per  cent  of  heat-producing  power. 

They  have  also  calculated  the  heat  equivalents  of  the  various  excreta,  which  they 
find  to  be  as  follows : — 


6231 

(D) 

5754 

(B) 

5345 

(B) 

5949 

(B) 

4900 

(D) 

i)        9686 

(D) 

5733 

(D) 

4351-4471 

(D) 

4806 

(D) 

4889 

(D) 

Urea  .... 
Albuminous  urine 
Urine  from  meat  diet 
Starvation  urine 

Fsecal  matter  from  albuminous  diet 
f>  .»        »     meat  „ 


2523  (R)  2200  (D) 
2706  (R) 

2954  (R; 

3101  (R) 

5722  (K) 

4850  (R) 


Deducting  the  heat  lost  in  the  excreta,  etc.,  Rubner  finds  the  percentage  utilis* 
able  heat  of  articles  of  diet  to  be  as  follows : — 


Albumin       .... 
Muscle          .            .            .            . 
Materials  utilised  during  starvation 
Fat 


78-6 
79-9 
71-9 
100 


According  to  Danilewsky,  100  grm.  casein  is  equiralent  in  heat-]yrodnciDg  yftmtt 
to  51  grm.  fat,  133  grm.  starch,  151  grm.  grajie-sugar,  or  121  ffm,  peptmii*. 

Alcohol  does  not  cause  increase,  but,  on  the  contrary,  AfscT^^mn  of  the  borjy 
temperature.  This  result  is  accounted  for  proV^ably  by  its  expanding  the  raper- 
ficial  vessels,  and  thus  allowing  increased  radiation  from  the  skin.  Wh^h^r  taken 
in  by  the  stomach  or  injected  into  the  bloori,  it  is,  according  Ut  WolfKin  (Jio,  K9, 
xxxiL  1883,  p.  222),  partially  oxidiserl  within  th#:  organism.  The  conJNimpt  of 
oxygen  is  markedly  augmental,  and  so  is  the  quantity  of  ^xpire^l  carfionic  a/tid. 
Alcohol,  however,  does  not  interfere  with  the  general  pniceMen  of  oxi/lation,  th<^ 
lowering  of  the  temperature  being  due,  not  to  leiMen^d  oxi/lation,  ^/nt  to  the  h^t 
parted  with  being  greater  than  the  excess  formed  tinder  its  sway. 


The  LocalUus  ia  whkh  Ilt/d  u  fjai^fdM, 

1160.  Although,  aa  above  in/licate/l,  wh^jrevftr  oxi/lation  w  \n(9tA/m\- 
ing  heat  is  being  liberaterJ,  yet  the  miM/^len  muMt  f;e  re^aHe/1  a^  the 

*  By  a  kilogramme-anit  or  calorie  of  h#sat  ia  rr»*'Jknt  t.h^  <»rnMmt.  u^tp^nrj  */»  r\\'i^  tb* 
temperature  of  a  kilogramme  of  water  I '  f,.,  or,  Hnctly  «ji^»kif.jc,  from  \%'  fo  \K'  C  Vti^t 
symbol  Ca  is  employed  to  in«ii«^a^!  it.  A  <mAll  fA\fiir\f.  rn^ari*  t.h«  ^,^\,^  (*rt  of  n  <:^^  r^ 
the  heat  required  to  nise  1  grm.  of  water  1 '  ('„ 
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great  seat  of  its  generation  (Samuel).  Constituting  as  they  do  some- 
thing like  half  the  bulk  of  the  body,  there  is  ample  scope  within  their 
substance  for  the  generation  of  by  far  the  greater  part  of  the  entire 
animal  heat.  We  regulate  our  temperature  by  means  of  the  muscles. 
When  cold  we  cause  them  to  contract,  when  warm  we  allow  them  to 
remain  relaxed.  In  tetanus  the  temperature  rises  when  the  muscles 
are  in  a  state  of  spasm,  and  again  falls  when  the  spasm  is  relieved  by 
the  administration  of  chloral. 

How  it  is  that  the  heat  is  produced  within  the  muscle  is  a  difficult 
problem  to  solve.  Liebig's  notion  was  that  the  muscles  themselves 
were  burned,  and  that  heat  was  generated  therefrom.  Possibly,  where 
the  available  supply  of  nourishment  is  small,  as  in  a  person  on  fever 
diet,  this  is  so.  But  when  the  blood  is  rich  in  proteids  and  hydro- 
carbons the  conditions  are  altered.  Is  the  proteid  matter  supplied 
to  a  muscle  by  the  blood  first  converted  into  muscle  before  it  is 
oxidised  1  Or  does  it  undergo  combustion  simply  within  the  muscle 
substance  independently  of  being  transformed  into  myosin  ?  And  if  it 
is  the  case  that  the  muscle  is  actually  consumed,  and  that  this  is  the 
great  source  of  heat  in  the  body,  where  does  the  oxidation  of  the 
hydrocarbons  and  carbohydrates  of  the  food  take  place  t  All  this  is 
as  yet  uncertain.  Our  knowledge  of  what  happens  to  the  various  food 
elements  practically  ceases  the  moment  they  enter  the  blood. 

Mosso  (rep.  by  Kichet,  No.  667)  has  made  some  precise  observationB  od  the  effect 
of  muscular  exercise  on  tem{>erature.  He  first  of  all  measured  his  rectal  temperature 
at  different  hours  of  the  day.     The  readings  were  ut 

6  o'clock  in  the  morning  ......         36*45''  (\ 


H 

10     ., 

Xo<jn 

2  o'clock  in  the  afternoon 

4       „ 

♦>       ., 

<S 


36-98'* 
37  06' 

36  93' 

37  ^V 
37  •07* 
37  ^^ 
3714** 


During  a  walk  of  100  kilometres  in  two  days  he  found  that  the  following  were  his 
temperatures,  the  teni|»orature  of  the  atmosphere  being  from  12*  to  19*  C. 

First  day  of       Secon<l  »Uy 

walk.  of  walk.  * 

6  o'clock  in  the  morning  .  .  .  .36*3" 


10     ., 

Noon 

li  o'clock 

4 

6 


(rcjiobcJ) 


37 -S* 

37 -es' 

87-8' 
37-5* 
37 -S* 
38 -S* 
37-3' 


86-7 

38-1'' 

38T 

38-3' 

38-4' 

38-6' 

38-8' 

38  ^^ 


It  is  evident  that  this  comparatively  slight  elevation  of  tempera- 
ture is  not  in  keeping  with  the  great  amount  of  work  done.     According 
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Mosfio,  it  is  not  the  mtisculature  but  the  nervous  system  which 
iices  hypertliermia.     Still  it  is  to  be  bortie  in  mind  that  the  mere 
Innp^rahtre  of  the  Imhj  is  not  nectssarihi  a  correct  index  of  caforljicafion. 
During  violont  exercise,  such  *aa  that  indicated  in  the  above  exix^ri- 
nts,  the  loss  of  heat  by  radiation,  sweating,  etc.,  must  have  fteeti 
t 

Although  the  heat  produced  b}'^  a  muscle  and  the  work  done  by  it 
in  clt>8e  relationship,  yet  in  some  res]>ect8  the  hcnt-producing  and 
e  contracting  mechanisms  may  Ive  looked  upon  iis  in  a  manner 
separate  and  distinct.  According  to  Ma ca lister  (No.  (>,  1887,  i.  p. 
609),  the  efttfct  of  atiinulating  a  muscle  is  twofold.  On  the  one  hand, 
the  phenomena  are  explosive,  as  manifested  in  the  change  of  form  and 
performance  of  mechanical  work  ;  on  the  other  hand,  they  are  more 
continuous  and  manifest  themseK^es  by  increased  development  of  heat. 
Each  process  has  its  own  laws  and  is  independent  of  the  other.  The 
heat  is  not  to  lie  regarded  as  a  therrao-dynamic  waste  prmhict,  an 
cretion  of  no  greater  iligriity  than  urea  or  carlK>nic  acid*  The  ther* 
►genie  stuff,  as  it  were,  is  different  from  the  contractile  stuff.  The 
le  gets  fatigued  as  a  heat-producer  long  before  it  gives  in  as  a 
rk-producer. 


Maintenance  of  Equilihrium  of  Tem}*eratnrf, 

1161.  This  is  effected  by  the  adjustment  of  heat  production  and 
heat  dissijmtion.  If  the  heat  production  be  too  great,  it  can  be  lessened 
ither  by  partial  inhibition,  or  by  increased  escape  of  the  superfluous 
leat  from  the  surface  of  the  body,  from  the  lungs,  r»r  from  both.  The 
skin,  no  doubt,  is  the  great  safety-valve  in  preventing  overheating  of 
the  body.  Heat  esc^ipes  through  it  cither  by  being  led  off  through 
the  intermediation  of  space,  that  is  to  say,  by  radiation,  or  by  passing 
from  particle  to  ptirticle,  that  is  to  say,  by  conduction.  When  the 
internal  temperature  rises  abnormally  the  cutaneuus  vessels  become 
Jaxed,  and  from  them  an  increased  c(uanlity  of  heat  escapes  into 
e  surrounding  atmosphere.  If,  on  the  cfintrary,  the  heat  production 
of  the  body  be  slight  and  the  surruundings  cold,  tlio  cutaneous  vessels 
contract  and  the  loss  of  heat  by  radiation  is  lessened. 

If  both  cervicjd  sympathetics  arc  divided,  so  great  does  the  radiation 
of  beJit  from  the  relaxed  cutaneotis  blood-vessels  become  that  the 
temperature  of  the  hmly  may  fall  a  coui»le  of  degrees  (Cohnheim).  It 
returns  to  normal  when  the  vessels  regain  their  tone.  Drunken  men 
cool  more  easily  than  those  who  are  sober,  owing  to  the  relaxation  of 
ir  cutaneous  vessels. 

arnished  animals  die  from  the  fall  that  takes  place  in  their  tem- 
turc.     The  cutrineous  vessels  dOata  and  the  varnish  acts  as  a  good 

ctor.     The  internal  temperature  consequently  sinks. 
The  sudden  conUict  of  cold  air  with  the  surface  of  the  boily,  on  the 
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other  hand,  may  cause  the  internal  temperature  to  rise  from  1  to  2 
degrees. 

Part  of  the  extra  heat  is  also  dissi[>ated  in  the  sweat  and  in  the 
various  excreta. 

Something  like  80  per  cent  of  heat  of  the  body  is  lost  through 
radiation,  conduction,  and  evajx^ration,  and  of  this  about  60  per  cent 
is  dissipated  by  radiation  alone.  Less  than  20  per  cent  eacupei 
through  the  organs  of  reiapiration. 

liatliation  is  more  intense  where  metabolism  is  moat  active,  in  men 
than  in  women,  in  boys  than  in  girls,  in  young  rather  than  in  old 
people,  and  in  the  robust  rather  than  in  the  weakly. 

Where  the  accommodating  thermic  system  is  unable  to  cope  with 
the  heat  of  the  surrounding  atmosphere,  the  temperature  rise^s  inordi- 
nately (42''44°  C),  and  gives  rise  to  the  phenomena  known  as  heat 
Stroke,  sun-stroke,  or  insolation. 


i 


Hmi  Frodtidi&fi  and  Temperature, 


d 


1 1 62.  From  what  has  just  been  remai^ked  about  the  maintenance  of 
a  heat  er|uilibriiim  it  will  be  gathered  that  the  thermometer  is  no  index 
of  the  heat  actually  gerieratvd  in  the  system.  It  informs  us  merely 
of  the  mean  heat  or  temperature  of  the  bcnly  resulting  from  the  gener- 
ating capacity  on  the  one  hand,  ainl  the  loss  through  various  channels 
on  the  other.  The  heat  prmluetiun  is  greatest  sometimes  when  the 
temperature  is  lowest.  Methods  of  calorimetry  must  l>e  adopted  in 
order  to  ascertain  the  he^at-forniing  cai»aeity  of  an  animal.  In  animals, 
numl>ers  of  such  observations  have  been  made,  but  our  knowledge  of 
the  subject  in  Man  is  h'mited  owing  to  the  great  technical  difficulties 
of  the  investigation. 


Nermnii  Mechanism  for  the  Reguluiimt  of  Temperahire, 

1163.  The  opinion  is  becoming  more  and  more  assured  that 
regulation  of  the  heat  of  the  body  is  largely  if  not  entirely  under  the 
control  of  the  nervous  system.  There  apj>ear  to  be  areas  located  in 
the  s|>ina!  cord,  in  the  metlulla  oblongat;i,  in  the  pons  Varolii,  and  in 
the  cerebral  cortex  which  either  directly  or  through  the  vaso-motor 
nerves  regulate  the  greater  or  less  output  and  loss  of  the  he4it  of  the 
body.  Hale-White  (No.  193,  xxxvi.  1886,  p.  4)  thinks  it  likely  thai 
those  situat*Hl  in  the  cerebnd  cortex  are  not  merely  muBcu]o*>*a0o- 
motor  in  function,  but  are  genuinely  calorific,  Wood*8  experimentii 
(No.  659),  on  the  other  hand,  tend  to  show  that  a  great  deid  of  tbi* 
control  is  exerted  through  the  vaao- motor  nerves.  Section  of  the 
spinal  cord  above  the  origin  of  the  splanchnic  nerves  is  usually 
followed  by  an  immediale  and  very  decided  increase  in  the  amount  of 
heat  dissipated  from  the  body,  and  also  by  a  decided  lessening  of  the 
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amount  of  heat  produced  (p.  45).  The  only  nerve  centre^  he  states 
(p.  2."j4),  capable  of  influencing  the  he^it  j)nKluction  without  atlecting 
the  general  circidation,  is  situated  in  the  pons  or  above  it,  and  whilst 
it  may  he  a  nniscnkr  vafioniotor  centre^  it  is  more  probahly  an  *4n- 
hihitory  heat  centre."  Of  whichever  nature  it  may  be,  it  must  act 
through  subordinate  centres  situated  in  the  spimd  cord.  So  far  as  our 
present  knowledge  goes,  the  chief  factor  in  controlling  hea.t  dissipation 
is  the  vasO' motor  nerves,  including  in  Man  such  nerves  as  control 
sweat  secretion.  These  nerves  arc  .'ible,  by  contracting  the  Cfipillariea 
of  the  surface  of  the  body,  and  by  drying  the  secretion  of  the  skin,  to 
reduce  the  loss  of  heat  to  a  miuimimi,  and  by  a  reverse  action  are 
capable  of  increasing  it  to  a  maximum. 

That  heat- controlling  centres  exist  has  been  demonstrated  experi- 
mentally on  animals  and  accidental!}^  in  Man,  In  the  brain  of  the 
rabbit  at  least  four  such  centres  have  been  found  w^hieh,  when  stimu- 
lated, occasion  increased  heat  production,  not  mere  rise  of  temperature. 
Two  lie  at  the  anterior  median  burder  of  the  corpus  striatum,  one 
between  this  and  the  thalamus,  and  one,  it  is  said,  at  the  anterior  end 
of  the  thalamus.  Hale- White,  however  (No.  179,  xii.  1891,  p,  251), 
denies  that  the  body  of  tlie  thalamus  has  any  function  in  raising  the 
temperature,  while  he  aflirms  that  iti  addition  to  the  corpus  striatum 
this  function  is  resident  in  the  septum  lueidurn.  Injury  of  the 
posterior  regioji  of  the  upper  s^uface  of  the  cerebral  cortex  in  the 
rabbit  may  cause  irregidar  rises  in  temperature  ;  these  are  quickly 
produced  and  last  only  a  short  time.  Injury  of  the  cms  cerebri 
oecasions  a  considerable  rise  of  temperature. 

AronMthii  and  S&cbs  (No.  16&,  xxxviL  1885,  pp.  232,  025)  have  used  various 
anim&bi  as  lubjecta  for  ex]>enmetit,  but  mainly  rabbits.  They  trejuannecl  the  skull  in 
the  angle  between  the  coroiial  and  froutal  suturea.  The  njrtratioTi  was  i>erformed 
with  Antiseptic  precautions.  A  needle  was  used  for  puncturing  the  brain.  The 
needle  encountered  in  its  course  (1)  the  cortex,  (2)  the  white  stil>atauce  of  the 
frontal  lobe,  (3)  the  mesial  side  of  the  head  of  the  coqin^  striatum  in  the  vicinity 
of  Nothnagel's  nodus  cursorius,  and  (4)  the  hasal  white  and  gray  matter.  The 
puncture  is  useless  unleaa  it  runs  tlirougli  (3)  and  (4).  It  must  stnke  the  [larticular 
I»art  of  the  corpus  atriatUJn  mentioned  unsler  (3),  The  niaxinnnn  elevation  of  t*  inj^er- 
Ature  occurs  in  from  two  to  seven  hunm  after  puncture.  It  takes  fnjni  twenty-four 
to  seventy-three  hours  when  the  pnnctnre  affects  the  corpus  striatum  akine.  The 
elevation  of  terojNerature  is  accoinfwinipd  by  tncreajied  frequency  of  pnlne  and  respira- 
tion. 8eveml  dayis  after  the  oiHnation  the  temperature,  pulse,  and  reH[tirutiou  are 
normal,  tjut  can  be  again  raised  by  a  fresh  fmncturo.  The  researches  seem  to  jioint 
to  the  possibility  of  a  nervous  fever  without  fermentation  or  chemical  interchange. 

Riehet  (No.  40,  xcviii.  1885,  pp.  827,  1021  ;  nim.  No.  169,  xxxvii.  1885,  p.  624) 
found  that  when  the  frontal  region  of  the  lirain  of  the  rabbit  is  punctured  with  a 
needle  ao  as  to  avoid  the  basal  ganglia,  the  rectal  tem|«rature  Hkcs  several  degrees. 
The  rise  follows  after  several  houra  and  does  not  seem  to  injure  the  animal.  It 
follows  also  after  eanterisation  of  the  hrafn.  He  satiafied  himself  that  the  elevation 
was  due  to  increaj^ed  production,  not  to  dindnished  waste  of  heat.    Animals  in  which 

Ke  high  temfierature  continues  for  days  eat  beartLly^  but  in  8[iite  of  this,  become 
laciated. 
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HMe-Wliitc,  however  (No.  179,  xii.  1891,  p.  252),  asserts  th&t  Icdom  of  Ubi 
interior  part  of  the  upper  siufacis  of  the  cerebral  cortex  either  do  not  alter  tlia 
tempcirature  or  the  alteratioti  is  very  alight. 

In  the  dog,  severe  injury  of  certain  part*  of  the  ccrcbmJ  corUuc, 
more  especiaUy  juat  posterior  to  the  crucial  milcua,  is  accompaniod  n^t 
merely  by  ris«  of  temperature  but  hy  increiised  pro<luction  of  hi^iL 

Lesions  lif  tlie  pons  in  Man  arc  well  kuovrn  tcj  be  folhiwiici  by  hi^ 
temperature. 

How  it  is  that  lesions  of  the  cerebral  cortex  induce  the  elemtJon 
of  temperature  is  not  settled.  Quite  possibly  the  centrea  in  this 
locality  exert  a  controlling  influence  on  those  lower  down* 


Fkvkr. 

Dffmiiintt, 

11G4.  Our  knowledge  of  the  pathology  of  fever  is  as  yei  loo 
limited  to  serve  as  a  ba^is  for  a  strict  d«_'tinition  of  what  is  meatit  !iy 
it  Since  the  days  of  thermometry  it  hn^  been  the  custom  iiith  toma 
physicians  to  call  any  rise  of  temperature  by  this  name ;  in  fact,  Co 
speak  of  so  many  degrees  of  fever  acconling  to  the  height  to  which  tlMl 
mercury  in  the  theniiumeter  rises,  8urh  was  certainly  not  the  original 
application  of  the  term.  To  the  older  physicians  the  term /fvar  meant 
a  complex  of  Byniptoms  in  which,  althovigh  the  6td>j<H;t]ve  feeling  ot 
heat  was  certAirily  one  of  the  most  prominent,  many  other  tjrmptoms 
equally  roniarkable  were  to  Ije  observed.  The  term,  moreover,  was 
usually  applied  to  a  condition  ushered  in  by  initial  symptom*  running 
a  definite  course  and  terminating  in  a  p\rticular  way.  It  is  proWhle 
that  this  old  fashioned  \iew  may  yet  come  to  be  the  basis  of  uiu'  future 
deHnition«  that  true  fevers  will  be  regarded  as  invaiiably  the  manifeata- 
tions  of  processes  allied  to,  if  not  identical  ^nth,  fermontiitions,  and  thai 
mere  elevation  of  temperature  and  true  fever  will  in  no  wise  be  coo* 
founded  as  at  present  they  often  are.  A\'e  have  {ferhaps  no  mnre 
right  to  call  a  temporary  hyperpyrexia  by  the  name  of  fever  than  w« 
have  to  call  a  passing  increase  of  the  colrjurless  curpu.4clc2&  of  the  blood 
a  leucocythiemia.  Increaee  in  the  imuiber  of  leucocytes  is  chanurter* 
istic  bijth  of  leucocytosis  and  of  loucocythseuiiji,  yet  no  one  would 
think  at  the  present  day  of  confounding  theae  two  ct:mditiona  hAII 
the  length  we  can  go  at  present  in  the  way  of  defining  feirer  it  in 
asserting  that  it  is  a  process  in  which  tissue  metalx>lism  is 
and  in  which  the  tcmpeimturo  of  the  body  is  alxive  the  normaL 


There  are  three.     The  first  is   known  as  iho  pyrogcnetic 
ioitial.     In  this  the  individual  experienoea  usmdly  a  seuKUiun  of  coU 
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ccompanied  by  ghivering.  Yet  the  tempemtiire  is  al>ovo  the  normal 
Mid  is  rising.  It  is  accompanied  l»y  headache  and  other  signs  of  con* 
titutionftl  disturlmnce. 

The  second  is  the  stage  of  so-called  fastii^ium  in  which  the  fever 

,  at  its  height,  atid  in  which  the  It^ss  of  Rpi>ctite,  he-adache,  and  general 

"malaise  are  pronounced.      The  temperature  may  exhibit  certain  Huctu- 

ations,  reaching  its  highest  point  on  several  occasions  and  showing  slight 

lepression  in  the  interval.     The  skin  feels  hot  to  the   harul  of   the 

Dbserver  laid  u|»n  it,  and  is  redder  than  nsnal.     The  feeling  of  heat  is 

dtie  chiefly  to  increased  radiation.     In   the  prcvions  stage,  whiU3  the 

^  shivering  is  on,  the  skin  is  blanched  and  feels  cold.     In  this,  the  red 

cidar  skin  acts  as  a  good  conductor,  better  than  the  blanched  white 

"^akin,  another  reason  for  its  feeling  hot  to  the  touch. 

The  third  stage  is  that  of  defebration  or  defervescence,  in 

burhich  the  bwly  heat  returns  to  the  normal  and  the  other  functions  re- 
sume their  normal  t\  [^c-      Foi"  some  time  after  the  third  st^T.ge  the 
temperature  may  remain  subnormal. 

If  the  fever  symptoms  disajipear  suddenly,  say  within  thirty -six 
hours,  the  fever  is  said  to  end  by  crisis.  If  the  temperature  comes 
down  more  gradually  and  the  other  symptoms  *lisappear  slowly,  it  is 

Iaaid  to  terminate  l*y  lysis.  The  ending  by  crisis  is  usually  accom- 
panied by  profuse  sw^eating,  and  by  the  copious  deposition  of  lithates 
Irom  the  urine. 


Trmperatare, 


I 

1 


Certain  terms  are  apjjlied  to  the  fever  according  to  tlie  height  of 
the  t43mperature.  The  temperature  may  range  from  normal  up  to 
114''  F.  Wunderlich  adopts  I  ho  following  classification  (Fagge,  No. 
660)  :— 

1.  Subfebrile,  temp.  99 '5^-1 00^4^  F.  {37-5'-38'  C.) 

2.  Slightly  febrile,  tem]>.  1004^101  •:r  R  Oa'-SS-S**  C.) 

3.  Motlerately  febrile,  temp,  101%3'*-ia2-2"  F.  in  morning ;  10r3^- 
103*r   R   in  evening  {38'5''39"  V.    in  morning;    38'5''-39"'5   C.   in 

vening). 

4.  Decidedly  febrile,  temp,  about   103*1"  F.   in   morning,   about 
04*^  F.  in  evening  (39"5'  C  in  morning,  40 '5"  CI  in  evening). 


5.  Highlv  febrile,  temp,  above  I03i'  F.  in  morning,  above  104 '9*^ 
c%*ening  (39 "5    C.  in  morning,  iO'^    C.  in  evening). 

6.  Hypcrpyretic,  temp,  approaching  107T)    or  even  higher  (42^  C.) 


The  cause  of  the  high  temperature  has  met  with  various  explana- 
[iDB  from  time  to  time.  As  yet,  even  the  atatementa  and  alleged 
cts  bearing  u|X)n  it  are  to  a  large  extent  contradictory.  There  are 
in  the  main  three  possibilities^  namely,  (1)  as  was  Bupjrosed  by 
xube  (No.  316),  that  the  amount  of  Imtt  generated  is  not  in  /vr/*.s,«,  bui 
(he  disdmtge  from  the  skin  owiuf^  to  cvidradwn  of  its  urterudes  is 
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dimimsh€fl ;  (2)  Ihfti  ihf  dmhanje  frmn  thr  tikin  remains  the  same  oji  or  is 
kss  (hm  in  keallh^  hut  ifuit  tlierf  is  hicreast  of  jiTtf*lwtiim  ;  and  (3)  that 
there  is  both  ificrensed  prviludion  ami  hmnisfd  dischartjf^  Imt  thai  ih§  pain 
from  the  ftnmitr  superi^dfs  tht  lasa  from  thr  lutta\  The  first  af  these  poM- 
bilities  was  said  to  be  refutc^d  hy  the  ob»ervaticiiiii  of  Senator,  Leydeo, 
and,  later  on,  of  Wood  (see  Bibliog.),  to  the  effect  that  tho  discharge  of 
heftt  from  the  skin  is  in  reality  greater  than  ustiaL  The  heat^  it  !■ 
aaid,  is  not  retained  abnormally ;  it  is  alleged,  on  the  contmry,  to  be 
discharged  to  excess  in  all  stages.  On  the  face  of  this  the  obsemlioae 
of  Leyden,  Hanke,  and  others  seemed  to  show  (San«lers<»n,  No*  103, 
xvi  1876,  p.  341)  "that  although,  as  comparcil  with  thu  heat  prcv 
duction  of  an  individual  on  fever  diet,  the  heat  prmlnction  ola  feYmd 
person  is  excessive,  it  is  not  by  any  means  greater  tlian  the  heat  pro^ 
duction  of  health/'  It  is  even  said  that  the  noimal  production  of  hoftl 
may  be  made  to  far  exceed  that  of  fever.  If  these  two  statements  ax« 
correct,  if  the  output  on  the  one  hand  u  increased,  if  the  productioii 
is  not  above  that  of  health,  and  if  the  discharge  from  other  channeli  if 
not  decreased,  as  it  is  assumed  it  is  not,  how  comes  it  that  tJie  tcm^ 
perature  rises  above  the  normal  ?  There  is  an  incoii^istenc)-  hens  which 
shows  how  insufficient  the  conclusions  as  yet  arrive*!  at  by  exf)erioient 
are  to  explain  tho  facts  of  hyperpyrexia. 

The  statement  that  the  discharge  of  heat  is  Increased  from  tlie 
skin,  not  decreased,  seems  to  l>e  only  partially  true.  There  are  the 
best  reasons  for  believing  that,  during  the  initial  stage  of  the  fever, 
in  Man  at  least,  it  is  very  considerably  decreased.  The  feeling  of  cold 
impiu'ted  to  the  hand  of  the  observer  when  placed  over  poripbenl 
parte  alone  would  indicate  either  that  this  is  so  or  that  the  skin,  for 
some  reason,  has  become  a  Wtter  conductor,  and  thus  imfMirts  to  the 
hand  a  subjective  sensation  of  cold.  There  is  no  reason  why  it  aboaH 
be  a  better  conductor  ;  on  the  contrary,  the  blanched  white  skin  ou^ 
to  be  a  less  perfect  conductor  than  skin  which  is  in  its  natural  state 
of  redness. 

Surface  thermometry,  moreover,  bears  out  the  aU^a^atioii  that  in 
most  cases  of  fever,  inst<>ad  of  there  being  an  agreement  betw^een  die 
skin  temperature  and  that  of  internal  pirta,  there  is  a  decided  disagree- 
mont  A$  tlie  one  rises  the  other  sinks.  And  here  it  must  be 
renuirkeil  that  excessive  care  must  lie  taken  in  recording  sorhee 
temfieratures.  There  is  great  liability  to  error  in  taking  tbmu  Wbai 
is  often  called  the  surface  temperature  is  in  reality  not  thai  of  UfeS 
surface,  but  of  the  parts  at  some  distance  underneath.  Scbiil«tti*s 
observations  (No.  13,  lx\i.  IHTH,  p.  109)  clearly  show  that  In  tiie 
stage  of  shivering  the  feeling  of  cold  is  not  merely  subjective,  but 
that  the  temjK^rature  of  the  skin  sinks,  while  that  of  tho  axilla  rises. 
In  the  case  of  typhoid,  peritonitis,  acute  rheumatism,  erysi|)c«las,  pocr* 
|iera1  endometritis,  miliary  tuliercle,  and  cheesy  pneumonia,  bo  fuM]s 
that  the  temperature  of  the  axilU  and  that  Ixaween  the  toes  do  not 
eorrespond,  that,  while  the  axillary  tempeiature  riseSi  the  peripl 
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erature  falls.  In  an  iiistaTice  given  of  intermittent  fever,  the 
_  showed  that,  while  the  axiOary  t^L^rapeniture  went  up  to  40  C, 
Ihat  taken  between  the  toes  fell  simultaneously  to  between  24  G'  and 
rSS*"  C  Exceptions  are  fuiuul  in  the  instance  of  croupoua  pneumonia, 
measles,  and  seaiiet  fever.  Here  the  temperature  of  the  skin  rises 
pretty  regularly  with  that  of  the  axilla,  and  in  scarlet  fever  and  pneii- 
nionta  he  has  ascertained  that  the  relationship  remains  constant  The 
cause  of  the  diminished  temperature  of  the  surface  is  that  the  blood- 
Teesels  are  in  a  state  of  tonie  con  traction,  and  that  less  blood  is  passing 
through  them. 

That  there  are  cases  in  which  the  discharge  from  the  skin  is  lessened 
and  in  which  the  production  is  normal  seems  doubtful.  The  increased 
production  seems  to  commence  with  the  initial  stage  of  the  fever. 
The  third  possil>iltty  is  one  which  apparently  is  an  actuality. 
iCases  have  just  been  referred  to  in  which  the  skin  temperature  from 
rthe  commencement  keejjs  pice  relatively  with  that  of  internal  parts. 
The  high  tcnipei-ature  in  these  cases  is  probably  to  be  explained  by  the 
heat  production  being  so  great  that  it  more  than  compensates  for  the 
increase<l  loss  by  the  skin  and  other  channels.  In  the  later  stages  of 
fever  also  more  heat  is  undoubtedly  lost  through  the  skin  than  in 
health,  and  yet  the  teroperatiue  remnin>*  high.  The  most  fe^isible 
explanation  of  the  high  temperature  under  such  eirciim stances  would 
^  seem  to  l>e  founded  on  this  last  of  the  three  mentioned  iwssibilities. 
Conclusions. — In  summing  up  the  arguments  on  the  one  side  and 
on  the  other  to  account  for  the  rise  of  temperature  in  fever,  it  would 
eem  that  it  is  not  always  due  to  the  same  cause  or  train  of  causes, 
In  the  initial  stage  of  moat  fevers  the  rise  of  tempeniture  is  prolmbly 
accounted  for  hy  slightly  increased  production  and  by  diminished  waste 
from  the  cutaneous  vessels  being  in  a  state  of  spasmodic  contraction. 
In  the  later  stages  of  fever,  when  this  spasm  has  been  succeeded  by 
Relaxation,  more  heat  is  lost  through  the  skin  than  in  health,  and 
ivastly  more  than  in  the  stage  of  shivering*  The  production  of  heat, 
pkowever,  is  so  great  that  not  only  is  this  loss  comj>ensated  for,  but 
the  IxKly  temperature  is  raised.  There  are  still  other  cases  where 
apparently  this  second  source  of  high  temperature  prevails  from  the 
commencement.     In  the  third  stage,  the  escape  of  heat  directly  through 

ithe  skin  and  in  the  sweat  is  very  great,  so  great  that  unless  the  amount 
k)f  lit^it  prtxluced  contiinies  in  excess,  the  temi>erature  may  come  down 
lower  than  in  health. 


^^see 

^von 
Hflee 
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Rhythm  of  Fever  Tempm'aiure^ 


1165.  Although  in  fever  the  temperature  is  high,  yet  there  is  this 
"to  be  said  about  it,  that  it  follows  the  daily  normal  curve.  Place  the 
temperature  chart  of  a  case  of  typhoid  fever  taken  hourly  side  by  side 
with  one  taken  from  a  sound  |jerson,  and  it  will  be  fouiul  that  the 
.  curves  are  alike.     There  is  the  same  rise  in  the  afternoon  and  fall  in 
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the  Oinly  morning  in  both.  The  only  tliftertince  is  in  the  inatler  of 
height ;  the  fever  tempemture  is  set,  *is  it  were,  at  a  higher  level  than 
that  of  health. 

Traumatic  Fkvkii, 

1 1 G6.  Hyper|>vTexia  can  be  exciteil  by  a  number  of  agenciea 
prolmbly  act  by  reflex  stinmlation  of  the  heat  centn^s.  ThuA  a  %vm\ 
fracture  of  a  bone  or  the  jwismge  of  a  cathet43r  is  sufticient  to  Ksnd 
temperature  up  several  decrees.  The  amount  of  hy|>crpyrcxiji  whidl 
ftccoirqianiet^  iiiflaniniation  and  suppuration  1;$  not  always  pn>{x>rtioi]AtO 
to  the  extent  of  the  pirt  involvtMl.  An  inflamed  tonsil  will  gometiliiai 
occasion  a  higher  temperature  than  a  much  more  ext^MiKively  ouUiprQid 
inflammation.  TemUm  from  the  oldest  times  lias  l)een  re€4>giHsed  M  a 
cause  of  fovcr.  A  few  drops  of  \mh  pent  up  in  tease  tibroua  Burround- 
ings  will  excite  severe  fever — a  fever  almost  instAntaueoualy  relieTtd 
by  a  free  iucision  into  the  part. 

The  fever  in  such  cases  is  out  of  all  proportion  to  the  oxt««nt  of  tkff 
injury  ;  the  terisiun  of  tho  surrounding  tissues  nuist  have  somtTthing  to 
do  with  its  excitement  The  prokibility  is,  as  just  renmrke<i»  that  tli« 
heat  -  controlling  centres  are  stimulated  reflexly  by  the  jjcripbenj 
irritation.  It  c;innot  be^  even  where  the  {mrt  is  suppurating  auf]  where 
the  pus  is  pent  up  in  a  c^p8uk\  that  the  symptoms  are  entirely  due  to 
poi(*onB  absorbed  from  the  |iart,  l>ecaufie  in  wounds  which  are  kepi 
aseptic,  as  Horsley  remarks  (No.  G^  1885,  i,  p.  420),  the  »;ime  elevaticMi 
of  temj>emture  is  sometimes  noted.  V'olkmann  and  Clenzmer  (Nos.  1 II* 
121  ;  Chlr.  37)  have  supposed  that  in  such  sul>cutaneous  injuriei 
as  simple  fractiu^e  a  pyrogermus  snliaUnco  i«  liberated  from  the  injiind 
tiiMues  which  accounts  for  thit  traumaiir  fovor.  The  mere  aeGumalft* 
tion  of  blood  in  such  a  torn  pirt  will  muse  elevatic>n  of  tefnpetmtiire 
sevend  degrees^^Hi  fact  which  might  Ik3  held  aH  favcmring  such  m  ihn&oirf, 

Bui  injury  of  a  tissue  is  iinnece.sRary  in  the  aiuaaticm  of  mere 
hyperpyrexia.  Motital  emotion,  such  as  the  acimissioti  of  a  distrewing 
case  of  injury  into  the  ward  of  a  hospital,  will  sometinies  aend  tJie 
tcmpcmturc  of  a  timid  |mtient  up  a  degree  or  two. 

L*stly,  as  alluded  u%  in  the  i-ommenccment  of  this  chapu^r,  we  may 
\yt  SiLid  to  be  almost  coniplet'cly  in  the  dark  as  to  how  the  majority  cil 
the  true  fever  [»<iison8  acL  Judging  by  the  analogy  of  the  action  of 
substances  which  imluce  hyjierthermia,  these  [kusous  are  pnil«iblY  %A  ft 
chemical  nature.  Martin  supjKiaea  that  in  anthrax  the  albumotfei 
formed  by  the  Viacillus  are  the  fevern^xciting  agent%  the  alkaloidi  th« 
coma-producers. 


TiiK  Products  ok  Fevkk  Mktaisolish. 

1107.   Urea.— Sanderson  (No.  193,  xvi.  1870,  p.  2^7),  l»sing 
calcolatigu  on  three  observations  by  Unruh,  makcii  \h^  statemi^tl  i 
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17*466  grms,  (270  grains)  nmj  be  regarded  as  the  normal  daily 
discharge  of  urea  from  a  healthy  individual  on  fever  diet  and  lying  in 
bed.  The  amount  may  be  otherwise  expressed  by  s<'iyifig  that  it  comes 
up  to  something  like  0*3835  grm.  per  kilo  of  IkmIy  weight.  The 
itverage  in  a  healthy  individucd  under  ordinary  conditions  is  about 
half  a  gramme.  Wc  may  therefoi-e  take  OiiB  grm.  per  kilo  as  the 
normal  low  diet  discharge  of  urea  in  health.  In  fever,  Unruh  found  it 
tci  rise  as  high  as  6597  grra*  daily,  or  1*18  per  kilo  weight  of  body — 
an  amoiuit  more  than  three  times  that  of  a  healthy  individual  under 
like  conditions.  The  lowest  amonnt  he  obtained  was  18  6  grm. 
per  diem.  The  average  of  the  whole  series  of  observations  was 
30*576  (  -  about  470  gi-aius). 

It  is  evident,  therefore,  that,  notwithstanding  the  peculiar  coudi- 
tionK  of  the  patient  as  regards  diet  and  forced  rest,  the  tissue 
metabolism  must  be  proceeding  at  a  rate  above  that  of  a  healthy 
individual  under  the  sjirae  circumstances.  A  healthy  person,  however, 
on  mixed  full  diet  and  not  lying  in  bed,  discharges  from  30  to  36  grm* 
ureu  daily,  so  that  it  c^tnnot  be  said  that  the  average  tissue  waste  is 
greater  in  the  fevered  individual  on  fever  diet  and  at  rest  than  in  a 
healthy  individual  on  mixed  diet  and  taking  an  average  amount  of 
exercise.  There  is  this  difference,  however,  that  in  the  healthy 
dividual  the  nitrogenous  waste,  as  represented  in  the  urea  thrown 
off,  coiTesponds  closely  to  the  amount  of  nitrogenous  food  taken  into 
the  iMidy,  while  that  excreted  in  fever  liears  no  relationship  to  the  diet, 
and  must  therefore  be  formed  from  the  tissues. 

And  when  we  come  to  inquire  which  tissues  furnish  it,  the  muscles 
must  be  regarded  as  standing  pre-eiuinent.  They  undergo  extreme 
wasting  in  fever.  It  is  not  generally  held  to  be  derived  from  the 
proteids  of  the  liquor  sanguinis,  because  this  contains  a  large  propor- 
tion of  sodium  salts,  while  the  salts  discharged  in  the  urine  of  fever  are 
poor  in  sotlium. 

It  is  likely  that  one  other  chief  source  of  it  is  the  bloo<l-corpusclefl. 

yet  hiemometric  observations  have  not  Ijorne  out  the  supposition 
that  they  actually  decrease  in  number  in  fever.  It  is  argued,  however, 
that  it  is  likely  to  be  the  case,  from  the  fact  that  the  urine  contains 
much  potassium  salts,— sidts  which  abound  in  the  blood -corpuscles. 
Patous  observations  (No.  661,  iii,  1S[H,  p.  209),  as  well  as  those  of 
Pisenti  (No.  104,  xxi.  1886,  p.  219),  show  that  an  attack  of  fever  has 
the  effect  of  suddenly  diminishing  the  quantity  of  bile  secreted.  Paton 
remarks  that  it  also  liecomes  very  pde  or  quite  cokiurless,  facts  which 
do  not  certainly  point  to  any  increiised  destruction  of  blood-corpuscles. 

The  amount  of  uric  acid  thrown  off  is  saiil  to  be  also  increased. 

Senator  was  of  opinion  that  there  was  no  reason  to  sup]>oso  that 
there  is  increased  formation  of  carbonic  acid  in  fever.  Sanderson, 
however  (No.  193,  xvi.  1876,  p.  279),  is  compelled  to  accept  it  as  a 
tnith  that  more  carbonic  acid  is  i>roduced  than  in  health.  There  is 
certainly   increased  discharge,   and  this  cannot  be  accounted  for  by 
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excessive  respiration.  A  Itealthy  pensoii  on  fever  diet  diachiirge»  ftbottt 
22  gmis.  of  COg  in  im  hour,  and  a  person  in  fever  aUmt  32 '3  gmii. 
Part  of  this  comes  from  the  consumption  in  the  liody  of  mnterialt 
which  are  not  nit r«:»gG nous. 

The  pig^ment  in  the  urine  in  the  vast  majonty  of  cases  is  ali- 
mented, it  is  said,  jvs  much  rv^  twenty  times,  This  might  be  emplord 
as  a  basis  for  the  argument  that  the  blood-corpuscles  are  destrogfw  to 
excess. 

The  discharg^e  of  water  is  much  increased  in  animals  rendered 
artificially  febrile,  and  chiefly  in  the  commencement  uf  the  fcreT,  a  cir 
oumstance  which  in  |*Jirt  accounts  for  the  loss  of  weight  Fevered 
dogs  lose  from  3  t4>  4  per  cent  of  their  wei»;ht  dtiring  the  first  twejity* 
four  hours  of  fever  ;  healthy  dogs  in  a  corresponding  period  id  pmv 
inanition  only  about  1  '6  }x)r  cent.  The  diminished  weight  is  chie^ 
due  to  loss  of  water  (Senator)* 

SOITRCK   OF   TllK    IIkAT   IN    FKVU. 

116K,  From  what  has  been  remarkcfl  of  the  evidence  of  i]M9«litd 
metabolism  in  fever  the  source  of  the  heat  cannot  he  far  to  sedc*  It 
is  to  be  traced  to  the  increased  oxidation  of  the  protcid  and  non- 
nitrogenous  tissues.  Owing  to  their  l)eing  thus  utilised,  thciHi  tiaitlM 
waste  and  give  rise  to  the  characteristic  inanition. 

Respiaatory  akd  Circulatory  FHDfOiiiKA  op  Fkyhl 

1169.  The  respirations  are  increased  in  frtH^uency,  owtn^  il  ii 
alleged,  to  the  heated  blood  acting  on  the  respiratory  centre. 

The  heart  beats  more  quickly  in  fever  than  in  health.  The  eaoae 
is  generally  held  to  be  the  action  of  the  high  temperature  tt|Km  tL 
Brunton  s  experiinontfl  demonstrate)  that  increased  temperatoro  qtddMOa 
the  heart's  bcjit  in  the  frog. 

The  researches  of  Wolr!'^  Landois,  and  Riegel  have  shown  tliat  tbt 
vascular  ten«ion  in  fever  is  usually  lowered,  and  that  the  degree  of 
relascation  procetHls  hand  in  hand  with  the  height  of  the  temperators. 
The  wonted  tension  returns  with  the  decline  of  the  tenpentnra* 
In  some  cases,  however,  the  tension  may  be  uxmsually  high. 

The  action  of  the  heart  muscle  is  evidently  imjiaired.  One  ex- 
planation which  has  been  given  of  this  is  that  it  suffers  from  doody 
swelling  due  to  precipitati<jn  of  its  myosin. 


Cauioe  of  Dkath  in  Fevkh, 

1 1 70.  The  mere  elevation  of  temfierature  in  ordinary  fever*  t» ' 
held  by  many  to  be  insufficient  of  itself  to  account  for  death,  for  animals 
can  be  kept  for  day*,  or  even  weeks,  alive  where  the  rectal  tempem- 
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tore  is  equivalent  to  106°  F.  It  requires  a  much  higher  temperature 
to  prove  fatal  to  them.  In  relapsing  fever  the  temperature  may  come 
up  to  107°  F.,  and  remain  so  for  five  or  six  days.  And  yet  the 
mortality  in  this  disease  is  small. 


Rise  of  Temperature  after  Death. 

1171.  In  some  diseases  such  as  tetanus  the  temperature  rises 
several  degrees  after  deatL  The  causes  seem  to  be  that  the  chemical 
interchanges  of  the  body  continue  after  death,  and  that  less  heat  is 
radiated  from  the  surface.  In  the  coagulation  of  myosin  which  takes 
place  with  the  advent  of  rigor  mortis,  heat  is  apparently  evolved.  It 
is  in  cases  such  as  tetanus,  where  the  temperature  at  the  time  of  death 
is  high,  that  the  increase  after  death  is  chiefly  noticeable. 


Fever  a  Salutary  Process. 

1172.  It  is  sometimes  said  that  fever  heat  subserves  a  salutary 
purpose,  that  it  is  one  of  nature's  methods  of  destroying  parasitical 
microbes.  The  temperature,  it  is  alleged,  runs  so  high  that  it  destroys 
them.  Against  this  is  to  be  reckoned  the  fact  that  the  exanthemata  run 
a  definite  course  whatever  the  temperature  may  be.  The  subject  of 
contagious  febrile  diseases  usually  dies  before  the  germs  in  his  blood 
or  tissues. 


Character  of  the  Temperature  in  different  Febrile 
Conditions. 

1173.  Measles. — ^The  temperature  rises  rapidly,  so  that  by  the 
evening  of  the  second  day  it  may  reach  102°  F.  or  more.  With  the 
appearance  of  the  eruption  (third  to  eighth  day)  a  rapid  accession 
going  up  to  104°  to  105°  F.  probably  on  the  sixth  day.  May  remain 
constant  for  a  day  and  falls  suddenly. 

Scarlatina. — Reaches  to  104''  to  105°  F.  during  first  day,  or  at 
any  rate  when  the  eruption  is  fully  developed.  It  may  rise  occasion- 
ally to  110°  or  112®  F.  later  on.  The  temperature  is  higher  in  scarlet 
fever  than  in  any  other  fever  of  the  same  class.  Subsides  slowly  after 
the  rash  has  reached  its  acme. 

Typhoid. — Rises  with  an  alternating  character.  From  morning 
to  evening  an  ascent  of  about  2°  to  3°  F.,  from  evening  to  morning 
a  fall  of  about  1°  F.  Result  is  that  each  evening  there  is  an  advance 
of  about  1°  to  2°  on  that  previous.  The  point  ultimately  reached  is 
from  103*5°  to  104°  F.  or  more.     The  mode  of  ascent  is  distinctive. 

Typhus. — Ascent  steady  and  continuous  up  to  the  fourth  or  fifth 
evening  without  morning  remission.     Maximum  rarely  under  104*9° 
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to  105  F,,  often  reaching  107",  or  even  above  tbia.  Slight 
on  sixth  morning,  and  well-marked  fall  on  seventh  dny,  unlc«  owe  very 
severe.  After  this  a  rise  ag»in,  but  mrely  to  furnier  tiuiximMin.  \Ibj 
{&!!  in  twelve  to  forty-eight  hours  to  iiornml  at  iit-nod  of  deferveteence 
on  the  thirteenth  to  seventeenth  day.  In  fatal  casea  a  mpid  riM  or 
fall     Miiy  go  up  in  8Uoh  to  108"  or  109\ 

Variola* — Kises  ntpidly  during  *5tAgo  of  invasion  to  104"  ot 
106%)  F.  Fulls  during  early  period  of  eruption,  and  risct  a^n  al 
period  of  maturation  to  lO'i  to  104  ,  and  when  fatal  issue  threateDi^ 
even  to  107  \ 

Relapsing  Fever. — Continuous  ascent  for  four  or  five  dajri 
without  evident  morning  remission.  FitmMy  reachfg  from  104'  U> 
108  F.  May  afterwardj*  remain  stationary  until  crisiH,  when  it  beeomes 
subnonnal  At  relapse  rises  stiddonly  again,  even  to  a  higher  jJoiDl 
than  on  first  attack. 

Erysipelas, — Ascends  rapidly  at  outaet — lOi^-lOS"  F,  on  fint 
«veniiig  Maximum  usmilly  on  thinl  day,  but  may  go  on  incrcaaing 
as  long  as  int!iimnmtifm  lusts,  and  attain  to  106 '  to  108\  A«  a  nilc, 
distinct  i'vening  exacerbations. 

Tubercular  Phthisis  of  Lung. — Minimum  tenipemture  may 
l>e  normal  in  the  day,  but  is  usually  higher  than  normal  ITio  nnua- 
mum  t^'nipemture  may  reach  from  101    to  105    F. 

Tubercular  Meningitis. — Temperature  irreguhir  but  abow 
normal.     Dhoa  not  often  rise  alnijve  101    to  102^  F. 

Influenza. — Rises  often  suddenly  to  10;i  to  105  F.  and  drrlinra 
slowly. 

tUrraJiire  on  Fn^r. — AnsJaiix   (Iiii!uen<?«^  of  Ext.   Teimppratun?   on   Umt 
WArni-Hlood<Nl  Aniumla) :  Vmv.  of  LiegP.  Irn»t.  dc  ph>^oL.  Tr»v,  do  UK  dr      "  _ 
KroflcriLHj,,  iii.  1890,  p,  169,     Blumler  ( Arterira  of  SItiu  m) :  CcntmlbL  f.  iL  tn^, 
WluMfiinch.,  xi.   1873,  f>.   179.     Bems  (Ludwig**  Strotnahr  end  Fevrr  Tljiniry  oC 
Hater):  Ontmlbl,  t  d.  nii^L  WU*eji^-li.,  x'lv.  187«,  p-   S?»8  :  n'-      '     '     f.  ^th- 
Auat,  Ixix.  IS77,  p.  153.     Berthelot  (AiiiiuAl  Hfjiti :  Ann.  *\r  l.rt>»  xa. 

18W),  p.  177.     Eoekmann  iniaiijre*  in   lilood-Coqiusflew) :  1>-  .:.   ..  ...   t  kiia. 

M«d.,  xxxi,  1881,  p.  48h  Bouchard  (Ikictriiiefi  of  tVvrr) :  Mixt  Week,  ISda,  k 
i#p.  193,217.  Burkart:  D^tit.  uiod.  Wochn^hr.,  r.  187y.  p.  3i0  *•!  mq.  Camr 
(Heat  Pnjiluction  and  DUsipatioti  in  NomiAl  and  Febrile  States)  t  Joum.  Nrrv.  ai»d 
Meut,  I)b,,  &vii.  1890,  }i.  7S2.  Charria  (Thermic  ElevatitiriA  of  l>UtiUr  Ongta>t 
Arok*  de  phy»ioK  nomi.  et  \<^t\u,  i.  1889,  y.  6S3.  Colasanti :  Arctt.  L  4*  gm, 
Fbjdol.,  xiv.  187677.  p.  92.  Doyoa  r Actum  of  Emonliiilnn  on  TwapMatwrn); 
Frorince  mvd.t  vi.  1892,  p.  222,  ▼.  Oubcscatiski  and  Nauoyn:  Ardi.  t  stpcn 
Putli.  14.  PhArmnkoK,  i.  1S73,  p.  181.  Dubois  {Influence  of  Wrvooa  Srvtoa  la 
CaiorilicAtiuu) :  C^^impt  jrtid  doc.  fl«  biol,  v.  1893,  pp.  156,  182.  Fkll  {Utvdap* 
mKutof  H^t):  Arrh.  f.  d.  g^s.  Physiol.,  \l  1891-92,  ii,  511.  FileJiaa :  Afdu  t 
Mth.  AuaL.  cEsxi.  1893,  p.  1.  Finklef  (Timuf.  MetAbolum  b) :  Arrb.  f  d.  fw. 
FhyaioL.  xxrii.  1881-82,  |i.  267.  Gad  and  HejmMsm  (Action  of  Ttmpentatv  oo 
Maiele)!  Arch.  f.  PhynioL,  1H90,  Snppl.  IVl,  p.  ;V.i,  Geppeit  (GAna  of  Art#Hal 
—    '  ■       - --   ■  --  ~  -        —     n^^H'-M'-^ 
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Blood  in):  Zti^chr.  f.  kliu.    Mwi.,   iL    1880-81.   ji.   3:'       ri-^n-^^^  *  it..t^ 
Jouni.,  1H7»K   ii-   p.    l'J7  ;  Ibid.,  1878,  ii.   p,    200;  a/  u   IBH, 

p.  K     Hale- White  (Neurotic  Theoiy  of  Pvirtla) :  Pi  A  ^  I  : 

tt/m  rrinory  i*f  Pyrftii*),  Am.  Joum.  Med.  Sc,  1890,  p.  4«>7.  Kaie-Wbtte  and 
Waaiibouni  (Temp  Jifler  Hmtmctkin  of  (>irt«x  Cerebri) :  Juum.  Phy*iol.,  sit  1S91, 
p.  271.  HankiQ  and  Kanthack  iFVvfr  prtKhiocd  by  Itijc^ctian  of  Sterile  CuUtirp* 
^f  Vibrio  Mrtchnikovij  t  Proc.  t^mb.  PhiltH<oph.  Soc.,  1892,  Mjircb,  p.  31L  Jaqatl 
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7r».  Manual  of  llistologj'  (Kng.  Transl.).  N.  Sy<l.  Soc.  iStriokei. 
7<).   Rriclicrt  and  I)ulK)i.s-Reyniond'«  Arch. 

77.  GottiiJg»*r  Nailiriohton. 

78.  Pliysiol.  of  the  Ciivulation.     Pottigri-w,  1S74. 

7iK  On  aijonnal  nutrition  in  articular  cartilag«'s.     Rodftrn,  lS4y. 

SO.  Ih'  invltK-d  il.  Zrnu\v<«n  op  <le  Onstcking.     Siicllm,  18r»7. 

M.  Ih'Ut.  chiiurg.  H.iudb.  d.  allg.  Path.  d.  Kreiblaufs  u.  d.  Ernahrung. 

82.  Anj«*ri<".  .l««iun.  .M«m1.  St. 

83.  Das  Cljinin  ttls  Aiitiphlogisticuni.     Dis.s.     l^rn,  S<harrcnbroich,  1867. 
81.  Das  Chinin  als  Antiphlogisti<uni.     Diss.     (;icj>M.'n,  Martin,  1{>68. 

hCt.   Alb.  a.  d.  In-rner  path.  lubt.  Wur/.burg. 
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86.  Zellsubstanz,  Kern,  u.  Zelltheilung.     Flemming,  1882. 

87.  Schriften  d.  natiirw.  Vereins  f.  Schlesw.-Holatein. 

88.  Atlas  of  Histology.     Klein  and  Noble  Smith,  1880. 

89.  Zellbildung  u.  Zelltheilung.     Strasburger,  1880. 

90.  Coccobacteria  septica.     Billroth. 

91.  Ztschr.  f.  klin.  Med. 

92.  Arch.  f.  klin.  Chirurg. 

93.  Deut  med.  Wocbnschr. 

94.  Compt.  rend,  de  la  soc.  de  Biol. 

95.  Rev.  d.  Chirurg. 

96.  Allg.  Wien.  med.  Ztng. 

97.  Arb.  a.  d.  Zool.  Institut.  Wien. 

98.  Biolog.  Centralbl. 

99.  Zool.  Anzeiger. 

100.  Ztschr.  f.  wissensch.  Zoolog. 

101.  Die  Regeneration  v.  Geweben  u.  Organen  b.  d.  Wirbelthieren.     Fraise,  1885. 

102.  Text-book  Path.  Histol.     N.  Syd.  Soc.     Rindfleisch. 

103.  Path,  of  Bronchitis,  etc.     Hamilton. 

104.  Arch.  f.  exp.  Path.  u.  Pharmakol. 

105.  Untersuch.  Ub.  d.  feineren  Vorgange  b.  d.  Entziindung.     Heller,  1869. 

106.  Soc.  d.  Chinirgie. 

107.  Arch.  gen.  d.  med. 

108.  Ueb.  Transplant,  v.  Haaren.     Schweninger,  1875. 

109.  Montpellier  m^. 

110.  Untersuch.  iib.  path.  Bindegewebs  u.  Gefuss-Neubildung.     Ziegler,  1876. 

111.  Untersuch.  iib.  d.  Entwickel.  d.  Blutgefasse.     Billroth,  1856. 

112.  Month,  mic.  Joum. 

113.  Die  Gewebsspannung  in  ihren  Einflusse  a.  d.  brtliche  Blut  u.  Lymphbeeng 

ung.     Landerer,  1884. 

114.  Volkmann's  Sammlung  klin.  Vortrage. 

115.  Haudbuch  d.  Chirurg.     Pitha  and  Billroth. 

116.  Ueb.  d.  Verfettung  fremder  Korper  in  d.  Bauchhbhle.     Heidenhain,  1872. 

117.  Vierteljahrschr.  f.  Dermatol,  u.  Syphilid. 

118.  Lymphatic  System.     Klein. 

119.  Verhandlungen  d.  phys.  med.  Gesellsch.  Wiirzburg. 

120.  Wucherungen  d.  Endothelien  b.  path.  Neubildungen.     Herrenkohl,  1873. 

121.  Exper.  Untersuch.  lib.  d.  Herkunft  d.  Tuberkel-elemente.     Ziegler,  1876. 

122.  Handbuch  d.  spec.  Path.  u.  Therap.     v.  Ziemssen. 

123.  Das  tuberkelahnliche  Lymphadenom.     Wagner,  1871. 

124.  Die  centrale  Keratitis.     Eberth,  1875. 

125.  Die  normale  Resorption  d.  Knochengewebes.     Kolliker,  1873. 

126.  Arch.  d.  Heilkunde. 

127.  Treatise  on  the  joints.     Barwell. 

128.  Collected  Works.     John  Hunter.     Ed.  by  Palmer. 

129.  Gesammelte  Abhandl.  z.  wissensch.  Med.     Virchow. 

130.  Deut.  Ztschr.  f.  Chirurg. 

131.  Ueb.  d.  Senftlebenschen  Versuch.,  etc.     Burdach. 

132.  V.  Langenbeck's  Arch. 

133.  Arch,  per  le  science  med. 

134.  Schmidt's  Jahrbiich. 

135.  Ueb.  d.  physiol.  Heilungsprocess  nacli  subcutan.  Tenotomie  d.  Achillessehne. 

Dembowsky,  1868. 
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186.  Sur  le  trajet  et  la  distributiori  p^riph^rique  des  nerfs  regen^r^     C.  Vanlair. 

137.  Lond.  Journ.  of  Med. 

138.  Arch.  f.  phys.  Heilkunde. 

139.  Ztschr.  f.  rat.  Med. 

140.  Deut  Arch.  f.  klin.  Med. 

141.  Prager  Ztschr.  f.  Heilk. 

142.  Ueb.  ortliche  Warme-entwickelung  in  d.  Entziindung.     Laudien,  1869. 

143.  A  treatise  on  the  Blood,  Inflammation,  and  Gunshot  Wonnds.     John  Hunter, 

1794.     Ed.  by  Home. 

144.  Physiol,  d.  Mcnschcn.     Donders,  1859. 
146.  Text-book  of  Physiol.     Foster. 

146.  Prag.  med.  Wochnschr. 

147.  Annals  of  Surgery. 

148.  Brit,  and  For.  Med.-Chir.  Rev. 

149.  Proc.  Royal  Soc. 

150.  L'union  med. 

151.  Beitrage  z.  Kenntniss  ub.  d.  Vorkommen  d.  Tiiberkel-Bacillen  in  tuberkolosen 

Organen.     Muhlert,  1885. 

152.  Untersuch.  iib.  Lymphdriisen-Tuberculose.     Schiippel,  1871. 

153.  BuU.  d.  I'Acad.  d.  Med. 

154.  Arch,  veterinaires. 

155.  La  phthisie  pulm.     Comil  et  Herard,  1867. 

156.  Ilistol.  u.  exper.  Studien  iib.  d.  Tuberculose.     Hering,  1873. 

157.  The  artificial  production  of  Tuberculosis  in  the  lower  animals.     Wilson-Fox. 

158.  Kritische  u.  cxj^er.  Beitrage  z.  Lehre  v.  d.  Futterungs-Tuberculose.     Wescner. 

1885. 

159.  Dor]»at.  med.  Ztschr. 

160.  Deut.  Ztsc'hr.  f.  Thiermed. 

161.  Ri'p.  I^K-al  (^.ov.  Hoard.  Suppl.  by  Med.  08". 

162.  Muiu'li.  iirztl.  Intolligenzblatt. 

163.  HaitT  iirztl.  liitelligonzblatt. 

161.  KlciiK'Hts  of  Pljysiol.  and  Path.  Chem.     CliarleH,  1884. 

16r>.  Des  tiilMTcles  de  la  niamelle.     These,  Paris,  Dubar.  1881. 

166.  I^e  Promt's  njed. 

167.  I^'  tulKTcle  (hi  seiii  choz  la  femme  et  chez  riiomme.     Poirier,  1882. 

168.  Dir  Tu])ercul<)se.     WaldeiiburK',  1869. 

169.  Areli.  f.  d.  k^-h.  Phy.siol.     Ptlu^'er. 

170.  1^'brbuel.  J.  all^'.  Path.      IVrls. 

171.  ObservatioiKs  in  Clinioal  Me<l.     IWgbie,  1S62. 

172.  Die  Stniungen  d.   LungenkreislaufM  u.  ihr.  Einfluss  a.  d.    Hlutilnirk.     Lieht- 

liriin,  1S70. 

173.  The  I )isonlers  of  Digestion.     Hnintoii,  18S6. 

174.  Tra4tatus  dc  eonie.      Lower,  KiOO-WisQ. 

175.  Sitzuiigsli.  «1.  ]>liysik.  iiie<iic.  Soeietat  z.  Erlaiigen. 

176.  N«»t<-.s  on  Filaria  Disease.     Customs  Me<l.  H«'p.  Maiison. 

177.  TIh'  njierosi'ujiic  organisms  found  in  tlie  Hloo<l  of  Man  and  Animals.     I>*wis, 

1>79. 

178.  Lon«l.  Med.  (laz. 

179.  .Touni.  of  IMiysiology. 
ISO.   Hrrsl.  arztl.  Zt.s4'lir. 

181.  Pliila.  Mrd.  and  Surg.  Rep. 

182.  Ktude  hur  les  tjMinehements  chyliformes  dea  eavites  j^/reuses.     Penve,  1S82. 
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183/Characteri8tik  d.  epidem.  Cholera.     Schmidt,  1850. 

184.  Physiolog.  Chemistry  (Cavendish  Soc).     Lehmann. 

185.  Med.  Times  and  Gaz. 

186.  Elements  of  Human  Physiology  (Eng.  Transl,  by  Gamgee).     Hermann,  1875. 

187.  Ztschr.  f.  phyaiol.  Chemie.     Hoppe-Seyler. 

188.  Wiener  med.  Wochnschr. 

189.  Proc.  Royal  Soc.  of  Edinburgh. 

190.  Pogendorff*8  Annalen  d.  Phjrsic  u.  Chemie. 

191.  Lungenentziindung,  Tuberculose,  u.  Schwindsucht     Buhl,  1872. 

192.  Trans.  Path.  Soc.  Lond. 

193.  The  Practitioner. 

194.  Clinical  demonstrations  on  ophthalmic  subjects.     Wolfe,  1884, 

195.  Regeneration  des  os.     Oilier. 

196.  Casuistische  Mitth.  a.  d.  path,  anat  Institut  z.  Marburg.     Cassel. 

197.  Researches  in  obstetrics.     M.  Duncan,  1868. 

198.  Discourses  on  the  Nature  and  Cure  of  Wounds.     3rd  edit.     John  Bell,  1812. 

199.  New  York  Med.  Rec. 

200.  Joum.  de  I'anat.  et  de  la  physiol. 

201.  Experimentalstudien  lib.  d.  Histol.  d.  Blutes.     Rindfleisch,  1863. 

202.  Mik.  Anat     Kolliker. 

203.  Dissertation,  Halle.     Aly. 

204.  Gaz.  med.  de  Paris. 

205.  De  I'anemie,  etc.     Th^  agr^g.,  1880. 

206.  Cyclop.  Pract.  Med.  (Eng.  Transl.).     v.  Ziemssen. 

207.  Handbuch  d.  menschl.  Anat.     Krause,  1876. 

208.  Arch.  f.  kUn.  Med. 

209.  A  Syst.  of  Med.     Ed.  by  Reynolds. 

210.  Lehrbttch  d.  Krankheitslehre.     1844. 

211.  Manual  of  Gen.  Path.  (Eng.  Transl).     Wagner. 

212.  Th^de  Paris.     Dupdrie,  1878. 

213.  Th^  de  Paris.     Cadet,  1881. 

214.  Chimie  pathol.     Quinquad,  1880. 

215.  Wiirtemburg  Correspondenzblatt. 

216.  Edin.  Clin,  and  Path.  Joum. 

217.  Dissert.  Dorpat,  Nauck,  1886. 

218.  Recherches  sur  I'anat.  norm,  et  path,  du  sang.     Haycm,  1878. 

219.  Wien.  med.  Ztng. 

220.  Cause  of  the  Coagulation  of  the  Blood.     Richardson,  1858. 

221.  Viertaljahrschr.  f.  d.  prakt.  Heilkunde. 

222.  Bibl.  univ.  de  Geneve,  1821. 

223.  Handbuch  d.  Physiol.     Miiller,  1844. 

224.  Lemons  sur  le  sang  et  les  alterations  de  ce  liquide.     Magendie,  1838. 

225.  Untersuch.  z.  Naturlehre  d.  Menschen.     Martels  and  Moleschott. 

226.  Journ.  de  la  Physiol. 

227.  Berichte  d.  deut  chem.  GeseUsch.  z.  Berlin. 

228.  Ztschr.  f.  Biol. 

229.  Wien.  Med.  Blatter. 

230.  Hewson's  Collected  Works.     Ed.  by  Gulliver.     Syd.  Soc,  1846. 

231.  Animal  Chemistry  (Eng.  Transl).     Syd.  Soc.,  Simon,  1845. 

232.  Bull,  de  I'Acad.  Roy.  de  Med.  de  Belgique. 

233.  Die  progressive  perniciiise  Ansemie.     Eichorst,  1878. 

234.  Univ.  m6d.  Paris. 
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285.  Manual  of  Mic  Anat.  (Eng.  Transl.).     Kolliker,  1860. 

236.  Ueb.  d.  CliJorose  ii.  d.  damit  zusammenhangenden  Anomalien  im  Gefassap- 

parate.     Virchow,  1872. 

237.  Lo  sperimentale. 

238.  Tageblatt  d.  42  Yersammlung  deutsch.  Naturforachr.  a.  Aerzte  in  Dresden. 

239.  CoiTe8iK)ndenzbl.  f.  schweizerisclie  Aerzte. 

240.  Movimento  med.-chir. 

241.  Proceed.  Roy.  Institution  Qt.  Britain. 

242.  Handbuch  d.  spec.  Path.  u.  Therap.     Eicborst,  1885. 

243.  ReTue  mensuclle  de  med. 

244.  Bull,  de  la  Soc.  Anat. 

245.  Froriep's  Notizen. 

246.  Beobachtungen  u.  Versuche  lib.  d.  Ausscheid.  d.  Hamsaure,  Ranke,  1858. 

247.  Organic  Chemistry,  12th  ed.     Fownes. 

248.  Jenaische  Zeitschr.  f.  Med. 

249.  Nouv.  Diet  de  Med.  et  de  Chifurg. 

250.  Glasg.  Med.  Joum. 

251.  Gaz.  helxlom. 

252.  Liebig's  Annalen. 

253.  Dissert.  Eriangen.     Toenniessen,  1881. 

254.  Leucocythffimia  or  white-cell  Blood  in  relation  to  the  Physiol,  and  Path,  of 

the  Lyniph.  Glandular  Syst     Bennett,  1852. 

255.  Manual  of  Path.  Histol.  (Eng.  Transl.).     Comil  et  Ranvier,  1882. 

256.  Lehrbuch  d.  path.  Gewebelehre.     Rindfleisch. 

257.  Rev.  scientitique. 

258.  Ueb.  d.  DiaWtcs.     Frerichs,  1884. 

259.  Leyons  de  Physiol.     CI.  Beruanl,  1855. 

260.  Balneotherapie.     3  AuH.     Braun,  1868. 

261.  Untersuch.  iib.  Zuckerbildung.     Schiff,  1859. 

262.  Lecturi'S  on  some  of  the  applications  of  Choniiatry  and  Mechanics  to  Path,  and 

TherajMutics.     Bcuce  Jones,  1867. 

263.  Physiol.  Clicniie.     Lehmann. 

264.  Trans.  Int.rnat.  Med.  Cong.  London,  1881. 

265.  On  (Jranular  Dr^cnoration  of  the  Kidneys.     Christison,  1839. 

266.  Do  rrrrinie.     Fritz  and  Hitter,  1881. 

267.  Ktvuc  nuMicalc  de  I'F^t. 

26S.  Dir  Hn^'ht*scli«'  Nicrenkrankheit  u.  d.  I^'handlung.     Frerichs. 

269.  flaz.  chini.  ital. 

270.  On  Klu'uniatisnj,  Rheumatic  Gout,  and  Sciatica.     Fuller,  1860. 

271.  On  the  Action  of  Medicines.     Headland. 

272.  On  Kheuniatisni.     To<ld. 

273.  Kheumatisni  ;  its  nature  ;  its  i)atholo^'  ;  and  its  successful  treatment.     Mac- 

lajran. 

274.  Klinik  d.  (Jelenkkrankheitcn.      Hueter,  1S71. 

275.  A  Tnatise  on  (lout  an«l  Rheumatic  Gout.     (JarnMl,  1S76. 

276.  On  the  Fonnation  of  l.'ric  Acid  in  Animals.     Latham,  1884. 

277.  Ma^'^'iidi*'  s  Journal  tie  Physiol. 

278.  Rssii  (I'lH'matolope  pathologique.     Andral. 

279.  Chimin  j»utlu»lo^i«jue.      Becquerel  and  I{o<lier. 
2S0.  Month.  Journ.  Me<i.  Sc. 

281.  Disejuses  t.f  the  Lun^Ti  an«l  Heart.     Walshe,  ISf.l. 

282.  Die  Selhsstandi^keit  d.  symi>ath.  Xervensystems.     Bidder  and  Volkmann,  1S42. 
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283.  Berichte  d.  sachsischen  Akad. 

284.  Maladies  du  Cceur.     Ger.  S^,  1883. 

285.  Proc.  Physiol.  Soc. 

286.  Ludwig^s  Arbeiten. 

287.  Illustrations  of  the  Influence  of  the  Mind  upon  the  Body.     Hack  Tuke,  1872. 

288.  Diseases  of  the  Heart  and  Aorta.     Hayden,  1875. 

289.  Diseases  of  the  Heart  and  Aorta.     Balfour,  1876. 

290.  Diseases  of  the  Heart  and  Aorta.     Stokes,  1854. 

291.  Commentarii  de  morborum  historia  et  curatione.     Heberden,  1807. 

292.  Medical  Transactions. 

293.  Trans.  Clin.  Soc.  Lond. 

294.  Trans.  Roy.  Soc.  Ediu. 

295.  Valvular  Disease  of  the  Heart.     Sansom,  1886. 

296.  Materia  Medica  and  Therapeutics.     Vegetable  Kingdom.     Phillips,  1886. 

297.  Amer.  Joum.  Med.  Sc. 

298.  Nordiskt  med.  Arkiv. 

299.  Mikroorganismen    b.    d.    Wundinfectionskrank.   d.    Menschen.       Rosenbach, 

1884. 

300.  L*Abeille  m^icale. 

301.  Text-book  of  Path.  Histology. 

302.  Les  Bacteries  et  leur  rOle  dans  I'anatomie  et  I'histologie  pathol.  des  maladies 

infect.     Comil  et  Babes. 

303.  Gior.  veneto  di  sc.  med. 

304.  Dissertation.     Zurich,  Hepp,  1853. 

305.  Memoir  on  Ganglia  and  Nerves  of  the  Heart.     Lee,  1851. 

306.  Text- book  of  Pract.  Med.  (Eng.  Transl.).     Nieraeyer,  1884. 

307.  Ueb.  d.  Zusammenhang  v.  Herz-  u.  Nierenkrankheiten,  1856. 

308.  Lectures  on  Bright's  Disease.     Johnson,  1873. 

309.  On  the  connection  of  Bright's  Disease  with  changes  in  the  Vascular  System. 

Galabin,  1873. 

310.  Bright's  Diseases  of  the  Kidney.     Stewart,  1871. 

311.  The  Bearings  of  Chronic  Disease  of  the  Heart  on  Pregnancy,  etc.      Mac- 

donald,  1878. 

312.  Annales  de  Chimie  et  de  Physique. 

313.  Des  Causes  et  du  Mechauisme  du  Bruit  de  Soufflet.     Bergeon,  1868. 

314.  Intemat  Joum.  of  Med.  Sc. 

315.  Clinical  Med.     Gairdner. 

316.  Gesammelte  Beitrage  zur  Path.  u.  Physiol.     Traube,  1871. 

317.  Ned.  Lancet. 

318.  The  Collected  Works  of  Dr.  P.  Latham.     N.  Syd.  Soc,  1876. 

319.  Trans.  Edin.  Med..Chir.  Soc. 

320.  Diseases  of  the  Heart.     Flint,  1870. 

321.  Text-book  of  Human  Physiology  (Eng.  Transl.  by  Stirling).     Landois,  1885. 

322.  Valvular  Disease  of  the  Heart.     Peacock,  1865. 

323.  Die  trophischen  Beziehungen  d.  Nervi  Vagi  z.  Herzmuskel.     Eichorst,  1879. 

324.  Die  Fett-Metamorphose  d.  Herzfleisches.     Wagner,  1864. 

325.  Gaz.  des  h6p. 

326.  Des  complications  cardiaques  du  croup  et  de  la  diphtheric.     Labadie-Lagrave, 

1873. 

327.  Die  Inetische  Erkrankung  der  Himarterien.     Heubner,  1874. 

328.  Lehrbuch  d.  spec.  path.  Anat.     Orth,  1887. 

329.  Atlas  d' Anatomic  path.  (Eng.  Transl.  by  Greenfield).     Lancereaux,  1880. 
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830.  Traits  de  Path,  iuteme.     Jaccond,  1877. 

831.  Clinical  Lectures  on  Senile  and  Chronic  Diseases.     N.  Syd.  See     Charcot, 

1881. 

832.  Anatomie  path.     Cruveilhier. 

883.  Recherches  sur  quehiues  points  de  la  pathogenie  d.  hemorrhagies  c^rehimlea. 
Bouchard,  1866  (Eng.  Transl.,  same,  1872). 

834.  Ueb.  hyaline  Thrombenbildung,  etc.     Obermiiller,  1886. 

835.  Traite  d'auscultation.     Laennec. 

836.  Untersuch.  iib.  d.  haemorrhagischen  Infarct    ^Litten,  1879. 

887.  Text-book  of  Path.  Anat  (Eng.  Transl.  by  Macalister).     Ziegler,  1888. 
838.  Untersuch.  Ub.  d.  embolischen  Processe.     Cohnheim,  1872. 
889.  Beitrag  z.  norm.  u.  path.  Structur  d.  Lungen.     Zenker. 

840.  Travaux  du  Laboratoire.     Marey. 

841.  Medical  Dictionary.     Hooper,  1848. 
342.  Dictionary  of  Pract.  Med.     Copland. 

848.  Handbook  of  the  Sphygmograph.     Sanderson. 

844.  La  methode  graphique  dans  1<»  sciences  ex{)erimentales.     Marey,  1878. 

845.  The  Sphygmograph.     Dudgeon,  1882. 

846.  La  circulation  du  sang  k  I'etat  physiol.  ct  dans  Ics  maladies.     Marey,  1881. 

847.  Principles  of  Human  Physiol.     Cari)enter  and  Power,  1881. 

848.  Die  Lehre  v.  Artcrienpuls.     Landois,  1872. 

849.  Students'  Guide  to  the  Examination  of  the  Pulse.     Bramwell,  1883. 
350.  The  Science  and  Practice  of  Surgery.     Oant,  1886. 
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Abdomen,  retentive  iK)wer  of,  ii.  407 

A  brill,  ii.  1002 

Abscess,  formation  of,   ii.   1017  ;  hepatic, 

238,  -239  ;  of  kidney,  297  ;  of  lung,  116  ; 

of  uiaiunia,  807  ;  septic,  i.  677 
AKsorptiou,  i.  *265 
Acardiacus,  ii,  944 
Acarus  foUicuIoruiu,  ii.  1082 
Acroumioilation,  ii.  705 
Acetic  acid  fermentation,  ii.  979 
Acetona-'mia,  i.  531 
Achrf>matic  figure,  i.  353 
Acidity  of  bloo<l,  i.  450 
Acids,  and  alkalies,  action  on  vessels,  i.  327  ; 

gastric,  analysi.s  of,  ii.  492 
Acne,  ii.  887,  888 
Acrania,  ii.  921 
Acrodynia,  ii.  872 
Acromegaly,  ii.  774 
Actinomyces,  staining  of,  i.  138 
Actinomycosis,  ii.  1021 
Acute  ascending  paralysis,  ii  758 
Addison*s  disease,  ii.  781 
Aden*  fid  i)ost-ua8al  growths,  ii  456 
Adenoma,  i  164,  400  ;  of  liver,  ii.  244  ;  of 

mamma,  800  ;  of  ])ineal  gland,  739 
Adhesions,  i  243,  296 
iEgophony,  ii.  58 

Aerobes,  ii.  966  ;  and  anaerobes,  984 
Agar-glycerine,  i  118 
Agar  medium,  i  115 
Age,  i.  467 

Agloliulia,  i  461,  496,  497 
Agnathia,  ii.  918 
Agraphia,  ii.  666 
Ague,  spleen  ot;  ii  789 
Air  eml>olism,  i  207,  689 
Air,  expired,  testing,   i  155 ;   testing  for 

germs,  152 
Air- vesicles,  rupture  of^  ii.  170 
Albukalin,  i511 
Albumin,  an  emulsion,  i.    322  4  a  general 

excretion,   ii.    312 ;   non-excretion  from 

kidney,  312 ;  point  of  excretion  in  disease, 
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312  ;  quantitative  analysis  of,  320  ;  tests 

for,  317 
Albuminoid  disease,  L  107 
Albuminoids,  fermentation  of,  ii.  983 
Albuminous  liquids,  i.  321 
Albumins,  fermentation  of,  ii  983 
Albuminuria,  i.  210,  ii.  290,  311  ;  causes 

of,  311;  cyclical,  316;  definition,  311  ; 

dietetic,    315  ;  in   exophthalmic   goitre, 

315  ;  hffimatogeuous,  311 ;  in  health,  315  ; 
and  heart  disease,  316  ;  hereditary,  314  ; 
intermittent,  316 ;  from  inunction  of 
skin,  315 ;  and  life  insurance,  317  ; 
mechanism,  313  ;  from  medicinal  agents, 

316  ;  from  mental  fatigue,  315  ;  and 
oi'ganic  disease  of  kidney,  316  ;  renal, 
311  ;  varieties  of,  314 

Albumoses,  ii.  474,  935,  993 

Albumosuria,  ii  321 

Alcohol,  and  digestion,  ii  479  ;  effects  of 
excess,  284  ;  effects  on  liver,  212  ;  and 
excretion  of  urine,  328 

Alcoholism,  ii  762 

Alkalinity  of  blood,  i.  450 

Alkaloids,  bacterial,  ii  985,  986 

Allan tois,  ii  914  ;  cloaca,  937 

Alopechia,  ii.  908 

Alum-carmine,  i  78 

Alveolar  sarcoma,  i  371 

Amaurosis,  ii.  286 

Amenorrha'a,  ii.  389 

Ammonia,  i.  472 

Amnesia,  ii  666  ;  verbalis,  667 

Amnion,  ii.  912 

Amwba  coli,  ii.  1051 

Amoeljoid  movement  theory,  i  233 

Amphoric  breathing,  ii.  56 

Amyloid,  i  167  ;  artificial,  170 ;  bodies, 
170,  ii.  165  ;  liver,  229 

Amyotrophic  lateral  sclerosis,  ii  757 

Anaemia,  i.  328,  496,  568,  571,  705  ;  in 
Addison's  disea.se,  ii  781 ;  degrees  of, 
i.  497  ;  from  haemorrhage,  499  ;  from 
organic  disease  of  stomach,   500 ;  ]>er- 
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nicious,  502  ;  from  valvular  dinease,  500  ; 

varitrties,  499 
Annmic  constitutiou,  i.  500 
Anaerobes,  ii.  966 
Ana.sarca,  i.  330 
Anastomosis,  i.  G89 
Ancliylostoma  (liio<leuale,  ii.  1063 
Aneurism,  i.  590,  662,  670  ;  pulse  in,  713 
Aneurisnial  varix,  i.  670 
Aneurisms,  pulmonary,  ii.  138 
Angeionia,  ii.  450 
Angeinmatu,  i.  393 
Augeio-neiiroses,  ii.  869 
Angeio- sarcoma,  i.  374 
Angina,  lacunaris  sive  follicularis,  ii.  10, 11  ; 

pectoris,  i.  575 
Angle  of  ai>«'rture,  i.  1 00 
Aniline  ilyes,  i.  84 

Animal  para««ites,  ii.  1051  ;  of  lung,  179 
Anosmia,  ii.  5 

Antagonism  of  mitTophj'tes,  ii.  977 
Anthraoosis,  ii.  91 
Anthrax,    ii.    297,     510.    910.     978,    989, 

1040;  bacillus,  1042;  life  liistory,  1015  ; 

pri'VentativtMnofulalion,  i.  142  ;  sympto- 
matic, ii.  10  le; 
Antiabrin,  ii.  1003 
Antitoxine,  ii.  999,  1«M>0 
Aortic  disease,  i.    624,   6*29  ;     ami  mitral 

•lisfase,   62:»,   •)39  ;    not«li,   7'»1  ;    valve, 

61  o,  nir, 
Aph.isia,  ii.  t»56  ;    ataxic  or  motor,  660  ; 
mcaiiiiii;  of  ti-rms,  t}56  :  iurit«»r,  an:it«»niy 
of   parts   in,   tJOl  ;    sensory  or  amue-ii-. 

Apii'ia,  ii.  e)4 

A]i"x-lin>niatic  l.Mi"*rs,  i.  HH 

Ajx'pKxv,  ii.  »;oO;  spb'iiii-,  1012;  s]mri  *\\*. 
•;02 

Ara'liiii.la.  ii.  1079 

.■\iihiiii-pliric  iluct,  ii.  '.»29 

.\rL'>n.i.  i.  179 

.Xrti'ii.il  «lil  i!.:ti-iii.  i.  .'J24  ;  jm-siiro,  .".2'^ 
l;tal'liy,  li'.tl.  lii;.'h,  uMUgiiii,'  oj",  7n7, 
mt;iii^  of  iii.Mlifyiiiir.  7<>4.  iiiii-nn-iii'iit, 
»»t»7.  ariil  .Ii-.  iH.',  7".'i  ;  reioil,  \VA\\  i;i».'.  ; 
tiMlslOII,   .'.'»*> 

ArtrricN,  i.  »'.i;.i  ;  anri-*i'i!i<i-iv,  r,s;i  ;  iil.  iti- 
.ation,  '*»•■.'.«  ;  .L.-iin-  .itt.r  lii'atMV.-.  .'in;,  ; 
roritra.  trl.  tiy.'*  ;  l.calin.' «»f.  i\1  \  \  liy.iliiie 
ilt'Lvm-iatiiiii.  •'>7'5  ;  liyjicitroj'liv.  •'.•'•9  : 
luat'iii-.l,  •WWi  ;  sMjijil.-  fatty  'ic«'fii<T.i 
ti..i:.  •;♦;:{;  sypliiliti.-.  ♦".01  ;  t.rii.jjia!,  67i»; 
woiiiiil.  1,  h.-.ilin.',  ■"."♦*• 

.Ar- niti.s,  .it!.»r"i:i  iioii-.  i.  'W'll  :  tb'f.iunMi.s. 
II'JI  :  ijiali:.'iiajit.  •!•>  :  oMiti-Jaii-.  •>»»  I  ; 
]  oiiiT«i  .if  •li-'tin'titHi  in  various  !..rms, 
»''»;.'i  ;  j»uniNiit,  ♦'••■"7;  warty,  •'»<*.r 

.\r!.T:t»-«\«pill.irv  libi--is.  i.  ♦J72  ;  s.lc.r.i«'i^, 
;i.  2^;J 

AiTl.ntis.  ii.  >.'.':  iL-loiruaiiN  **,','.» 

ArMiro].'.«la,  ii.  107H 

Artlirosj.ori'S  ii.  967 


ABcaris,   lumbricoidex,   ii.   1062 ;    mv»tAX. 

1063 
Ascites,  i.  330,  333 
A8i)ergillu8,  ii.  962  ;  glaucus,  960 
Asjihyxia,  ii.  63 
Asthenia,  canliac,  L  575 
Asthma,    ii.    64 ;    bronchial    Rpanni,    65 : 

Clark's  theory,  66 ;  ('urschmann\  apirals. 

68  ;  diaphragmatic  si^asm,  65  ;  Leviicu'i 

crystals,  67  ;  Leyden's  theory,  67  ;  pula« 

in,  i.  713 
Atixiii,    hereditary,    ii.    751  ;    loi.*omotor. 

746  ;  i»araplegia,  750 
Atelecta-nis,  ii.  171 
Atheromatous  art eriit is,  i.  661,  713 
Atm(»8pheric  germs,  Hess';^  met  hoi.  i.  153  : 

Mitpiel's  metho«l,  153  ;    Pawlow>ky\  ap- 

I>aratus,  154;  tfsting  for,  153 
Atresia  .ini,  ii.  937 

Atrophy,  i.  32,  1 70  ;  of  muscles,  ii.  755 
Atropine,  i.  326 
Attenuation  by  chemical  re.igent>,  i.  145  ; 

by  comj)ri'ssed  oxyireu,  145;    by    heat, 

113  ;   by  li::ht,  146  ;    of  microlni,  141  : 

of  moulds,  146 
.\u«litory  cortical  centre,  ii.  623 
Automatic  burner,  Koch\  i.  130 
Axillary  glands  in  ramvr  of  mamma,   ii. 

>02 
Axis-rylinderN.  swoUimi,  ii.  576,  5>1 
Azoturia,  ii.  327 

I>.\(  ii.l.l,    caiicinuis,    i.    407;     tubercular. 

4:14,  419;  syphilitic,  410 
HacilhiN  ii.  l'»;i  ;  a.-eti,  979  ;  amylobj.  tt-r. 

1*^1  ;  .>f  ai.thiax,  1042  ;  butyri.":!-.  1»*1  . 

Chativaci,  10 4*5  ;  lob,  972  ;  iliphthtT!':-  . 

Ifi  ;    tl!ior.»:'ci.x    liipicfaiMrijs    ai.d     1.-  :.- 

li'p:ilai  it-iH,    i»7.',    976;   tluoi»Mtii>   j  •:- 

iri.lu"-.  97.''» :    t  »ii.lus  o/.i'm;**,    4;  fu*  --. 

•.•7.'»  ;    of  :;].m  l.-r-.    10:{4  ;   of  iM:1i:t:i.».;. 

102'.*  ;  iiitracrll  ilaris  mt'iiiiiL'iti.li",  l'>lo  . 

jaiilhii.us.  ;»74  ;  of  h'jir.»sy.  *»1«'*  ;  bit'-:'. 

l>71  :   iiiall-i.   97.'»  :   pu- um.^uii-,  ;.  t.'.ii.'.  . 

py.>.yaiu-us    ii.   9,'»9,   i«75.    ]m14:    i}  • 

.  y.uu'U-,   llu-.n-sceiice  of,  97'"'  ;  j'y«"kj»-t« - 

L.Tidu^.       loia  :      srptic.»-M:a'      ij»;.--- 

rlia_'i  "I-,  10r.»  ;  M-pticu^  vvni  ;••.  ;<.»1.'.  :     • 

t'tain-i.  lo;;r;  of  inU'r.b-.  cu'i'iin,  :■:"•*. 

i'ilMivTilosi>,  1:51.  n5.  144:  -f  tyi-^..,  i. 

9^^^,    1011:     >*M.  irac'iiiiu"    f.*  !:■:'«.    4: 

viol  i-»Mi«i,  y7;'' 
llait.iia.  .lirini  al  pr-Nl-i.ts  fior:,  li.  l^?.'. : 

•»taiiiii!-.',  i.  l:j:{ 
iJactiTial  lite,  ciiditi'^n"  of.  ii.  1*57 
IJa.'t«Tioloi;y.  jii.'U'ti  al.  i.  112;  .-vster-.a'. 

ii.  I».'»7 
H.i-'tiTio-purj.uriu.  ii.  975 
iSa-liMiiim  t»TJji...  ii.  l».'?3 
Kd  ui.itik:,  «b-rai;jrmcnts  of.  ii.  OSO 
iJ.ilaniti-.  ii.  V^\ 
iJaldiH'NS,  ii.  i»ns 
Rtrtoliiii's  vrl.inds  suppuration  of,  11.  421 
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Basal  ganglia,  iliseasefl  of,  ii.  675 

Beggintoa,  ii.  965  ;  roseo-persicina,  974 

Bidder's  gimglion,  i.  563 

Bile  absorption,  ii.  194  ;  acids,  i.  470,  ii. 
194  ;  and  colour  of  foeces,  517  ;  ducts  and 
adenoma,  246  ;  ducts  in  cirrhosis,  2*20, 
221  ;  ducts,  origin,  183  ;  pigmentation, 
i.  179  ;  secretion  of,  ii.  184  ;  tests,  202 ; 
uses  of,  516 

Bilharzia  hnniatobia,  ii.  1069 

Biondi's  fluid,  ii.  1053 

Bites,  poisonous,  i.  332 

Bizzozero  on  thrombosis,  i.  301 

Bladder,  ii.  354  ;  abscess  of,  361  ;  catarrli 
of,  359  ;  cavernous  angeioma,  362  ;  ecto- 
pia of,  915  ;  examination  of,  i.  17;  frog's, 
216  ;  gangrene  of,  ii.  360  ;  hairy,  363  ; 
hernia  of,  362  ;  hypertrophy,  358  ;  inver- 
sion of,  362  ;  new  formations  in,  363  ; 
normal  functions,  354  ;  structure,  354  ; 
tonic  function  of  muscle,  357  ;  tuber- 
culosis of,  363  :  villous  disease,  362  ; 
wounds  of,  361 

Blastoilermic  vesicle,  ii.  912 

Blindness,  cortical  and  psychical,  ii.  695 

Bloo<l,  i.  444  ;  ash,  445;  circulation  ofcor- 
puscks,  192  ;  circulation  through  tubes, 
207  ;  coagulation,  1S9,  300, 468  ;  coloured 
corpuscles,  446,  number,  447,  size,  447, 
spei'ific  gravity,  448 ;  colourless  cor- 
puscles, 448  ;  cojiper-retlucing  substance 
in,  526  ;  cninjwsition,  drop^^y,  327  ;  cor- 
l»uscl«- holding  cells,  497  ;  corpuscles, 
481,  formation  of,  494,  giant,  497, 
in  ansemiii,  497,  numeration,  455  ;  cor- 
puscular elements,  186  ;  diabetic,  sugar 
in,  525  ;  disinfection  of,  147  ;  elTect  of 
]>hysiological  conditions,  465  ;  examina- 
tion, 475 ;  extractives,  445  ;  general 
character  in  health,  444  ;  hamiatoblasts, 
186;  in  chlorosis,  501;  in  gout,  542  ; 
in  rheumatism,  536  ;  leucocythwmic,513  ; 
neutral  fats,  4 15  ;  plasma,  445  ;  pro- 
teids,  445  ;  quantity,  445 ;  reaction,  449  ; 
serum,  116,  445,  Unna's  metiiod,  118  : 
sources  of  corimscles,  476  ;  sources  of 
leucocytes,  476,  479  ;  s|>ecific  gra\ity, 
328,  444  ;  sugar  in,  523  ;  plates,  300, 
340,  449,  463,  482,  484,  505  ;  pressure, 
234,  328 

Blood-corjmscles,  destruction,  ii.  184 

Blood-vessels,  ii.  924  ;  fatty,  i.  674  ;  lieal- 
ing,  271.  278,  2S0,  30u  ;  nerve  supply, 
660 ;  normal  structure,  660  ;  peripjieral 
an<i  axial  streams,  195  ;  luiruicious 
autitmia,  506 

Bluish -pink  pellicle,  i.  276 

Body- wall,  fissures  of,  ii.  911 

Boils,  ii.  887 

Bone,  i.  312,  ii.  811  ;  absorption  of,  813, 
S15  ;  caries,  849  ;  develoi>ment  of,  811  ; 
fracture  with  dislocation,  823  ;  flat,  ossiti- 
c4ition  of,  814  ;  fragilitas,  837  ;  grafting. 


I  817;  growth  of,  814  ;  healing  of  fractured, 
821  ;  long,  ossification  of,  812  ;  medulla, 
I  trans])lantation  of,  820  ;  moUitics,  836  ; 
necrosis  of,  824  ;  osteitis,  826  ;  parasiti- 
i  cal  diseases  of,  865  ;  ]K)rosis  of,  843  ; 
I  regeneration,  i.  308  ;  rickets,  ii.  830  ; 
I  sclerosis  of,  841  ;  syphilitic,  843  ;  trans- 
;  plantation  of  dead,  819 ;  tubercle  of, 
I  846 ;  tumours  of,  863 ;  tumours  of, 
I      terms,  i.  368 

j  Bone-marrow,  i.  477  ;    as  blood  transform- 
!      ing  organ,  489  ;  in  p.  anaemia,  506 
I  Bothriocephalus  latus,  ii.  1075 
I  Bouillon,  i.  112 
Brain,  i.  620  ;  abscess  of,  ii.  586  ;  chemical 
reaction,   597  ;  circulation  within,  589  ; 
embolism  of,    606  ;   examination,  i.   20, 
45 ;  gelatine-potash  methoil,  48  ;  general 
stnicture  of,  ii.  626  ;   Giacomini's  pro- 
cess, i.  47  ;  hiemorrhage  into,  subsequent 
changes,  ii.  603  ;  hypertrophy  of,  577  ; 
infarction,  i.   682  ;  involution  following 
destruction  of  parts,  ii.  735  ;  membranes 
of,  567  ;   membranes,  tumours  of,  574  ; 
I)emiciou8  anaemia,  i.  506  ;  Pitres*  sec- 
tions, 22  ;  i)ressure,   ii.   692  ;  pressure, 
treatment  of  excessive,  596  ;  variations 
in  volume,  597 
Branchial  arches,  malformations  of,  ii.  917  ; 

clefts,  916 
Brea<l-pastc,  i.  119 
Bright's  disease,  ii.  264 
Broa<I  ligaments,  structure  and  diseases,  ii. 

422 
Broca's  convolution,  ii.  658 
Bromine,  i.  150 

Bronclii,  ii.  72  ;  arteries,  39  ;  repair  of 
ei»ithelium,  72 ;  structure  and  attach- 
ments, 72 ;  tuberculosis  of,  90 ;  veins, 
41 
Bronchial  glands,  lithosis,  ii.  100  ;  tuber- 
cular, 143 
Bronchiectasy,  ii.   85,  100,  139  ;  simtum, 

89 
Bronchitis,  i.  644,  705  ;  acute  catarrhal,  ii. 
74  ;   chronic,    78 ;   cirrhosis    from,    83 ; 
crou]>ous,  84  ;  foetid,  84  ;  organisms,  83  ; 
sputum,  83 
Bronchocele,  ii.  776 
Bronchophony,  ii.  57 
Brown  induration,  ii.  173 
Bruits,  i.  653,  654 
Buchanan  on  coagulation,  1.  340 
'  Bulluir  jiaralysis,  ii.  6S3,  751 
Burns,  duodenal  ulcer  after,  ii.  520 
Bursas  accumulations  in,  ii.  863 
Butmc  acid  fermentation,  ii.  981 

C'.\DA^'EHI^'K,  ii.  987,  988 

Calcification,  i.   182,   592,  613,  662,  669, 

ii.  813 
Calculi,  prostatic,  ii.  338 ;  urinary,  336 
Calculus,  i.  338 
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Callus,  ii.  822 

Ciniem  liioida,  i.  106 

Camphor  mounting  fluitl,  i.  94 

Cana<la  1>alsam,  i.  95 

Canal  of  (Jartner,  ii.  980 

Cancer,  L  400,  ii.  154;  bacillus,  i.  407; 
l»loo«l-ves.srls,  403  ;  bmlies,  ii.  1052 ;  de- 
generations, i.  408  ;  formation,  403  ;  of 
liver,  ii.  190;  lymphatic  infcvt ion,  i.  407  ; 
m:ili;;n:in(:y,  407  ;  of  mamma,  ii.  8ol  ; 
melanotic,  i.  408 

Cane-sufjar,  ii.  490 

Capillaries,  i.  326,  tJ20,  660  ;  fatty,  674  ; 
hyaline,  673;  okstnicteil,  695 ;  wax-like, 
169,  674 

CarUilic  aci«l,  i.  149 

Carlton,  assimilation  by  mnuMs  ii.  961 

Carltonate  of  ammonia,  i.  549 

Carl)onic  aciil  a  diuretic,  ii.  328 

Carbonic  oxide,  i.  526 

Carcinoma  of  lun^',  ii.  177 

Cardiac,  :isthenia,  i.  575  ;  ganglia,  563  ; 
uervt's  and  heart's  nu-talolism,  56i>  ; 
plexus,  561  ;  thrombi,  622 

Cardinal  Ayiiiptoms  of  intlammation,  i.  259 

Canli«>«lynia,  i.  575 

Caries,  ii.  819  ;  dental.  M66 

Ctirndni'.  i.  77  ;  and  freezing  fluid,  78 

Carrdtication,  ii.  16S 

Cartila^'e,  i.  312  :  inriammation  of,  259 

Cartilajies,  articular,  ii.  M4  ;  articular,  cal- 
cified, 862;  hiu-ie,  S62 

(  artilau'inous  tumour,  hyaline,  i.  3S4 

Cartnu-pierre,  i.  71.*< 

Ca'ieati-.n,  i.  IhO.  267,  ii.  131 

CiMin,  i.  .'511 

Ca^tH.  i.  715 

Tatarrh  of  ii:ue-,  ii.   1 

('atari hal  ui'i'liriti-',  ii.  2«»6  ;  absorpti«ni  from 
liiU>,  270;  ca«i''<<<,  "-'73;  I'-'lloid  in  mbes. 
271  :  heart  and  >* '*>el-. ,  27'5:  iiit»:-titial 
I  •'niplit-atiDn.  'J7i>  ;  morbid  anatomy, 
121;  i-n.-uniMuia,  i.  213,  ii.  100,  119: 
MippiiiaJi  'II.  i.  'J62.  2»I4  ;  urine  in,  ii.  272 

rath.-ailin.-.  i.  71»;.  717 

Cat'-ii.  iMstruJiienl  for  li-^h  tail,  i.  217  ;  in- 
sfruuH  nt  for  t.iil].i)li''N  tail,  •J16 

<'au«ia!e  nuileu-,  ii.  ♦•75 

faii'li.  a.tioii  ..!  .l.-fl-fuii-i.  ii.  972 

('.ivrniou«>  aii.'iionia,  ii.  oii2  ;  liieathinj:, 
5«)  ;  ani:t  i'iiiMita.  i.  .*)!'3 

('avitii-<.    healiiiL'    of.    in    \\\\\z,    ii.    Ill; 

pi.thiM.-.d,  i:;:.  HI.  ni 

C.-ll.  .l.-iiniti-.n,  i.  :jiii 

(•■lliii.lin,  i.  tWj 

«'vlls,    divi>i«»!i,    dire«t,   i.   356  :     intlireit 

di\i-ion.   351  :    hi»thod«»  of  ilemon>frat- 

in;:.    .".57  ;    patliolo-iial    dixisiou,    ;J55  ; 

ri  i»io.lu-ti--ii.  o.''.)  ;  .-iructute,  349 
rir-oiiiona«.  iuti-^tMi-iIi",  ii.  1055 
(Vri  bi-lliiiu,  li.  !>{»:  h.iMiorrlia;.'e  into.  602; 

rigidity  alter,  t*.77 
Cerebral,  ancuri>m>,  i.    671  :  convolutions, 


ii.  613  :  cortex,  le.siou.'$  of,  613;  hamor- 
rhage,   600 ;   vesicle,   malforniatioun   ul. 
923 
Cerebriti.H,  ii.  5S2 

Cerebro -.spinal    liquid,    i.     344,    ii.    592; 
normal  pressure,  593  ;  pheuouiena  follow- 
ing varying  ]>ressure,  593 
Cesto.la,  ii.  1070 
Chalk  metastasis,  i.  182 
duiucre,  lianl,  i.  315  ;  soft.  317 
J  C*harcot-IJobiu  cr}'stal.s  i.  511 
Chauveaifs  system  of  attenuation,  i.  143 
j  Cheilo-schiMs,  ii.  917 
('heyne  Stokes  bn'athimr,  ii.  70 
,  <Mlia^ma,  le>ions  of,  ii.  695 
■  Chilblains,  ii.  872 
!  Chimiutaxis,  ii.  1006 
'  ChliKisma,  ii.  S(i8 
I  Chloral,  i.  150,  527 
rhlorine,  i.  150 
j  Chloroform,  L  527 
Cldoroma,  i.  506 
(Milon.phyll.  ii.  959 
:  CldoroNis  i.  .'iOO 
.  I'holugitgue.s.  ii.  205 

'Cholera    A.Matic.i,    i.    5.'iO,    ii.    544.  9>^  : 
,      spread    of,    553  ;  state   ot    intestinr    ixi. 

552 
,  Cholera  no^tr.is,  ii.  512  :  spirillum  of.  54«»  : 
-      spirillum,  early  re4*ognition,  55u  ;  t.ici- 
I      nation  a.u'ain^t,  1001 
t'ho;f>i,-:it«.n;ala,  ii.  73s 
:  Cholin,  ii.  9s7 
!  <'hi>ndn)elasts,  ii.  )<\:\ 
rimn.lroma.  i.  .'i>l.  :i.  '^nS ;  of  lunj,  17'' 
Chor-la'  tei.dimre.  rupture,  i.  6i:0 
n.-.n-a.  i;.  7ril 
rhiiMuati.-  ti.:ure,  i.  352 
t'hnmi^'     interstitial     nephriti*,     ii.      -77  . 

pueumoni.i.  i.  61»t.  ii.  l;is 
<"uroi,i,'  rlieuniati  •  aithiiti",  :i.  •».'»'• 
Chyltuia,  ii.  '.VIA 
rir'.itriMrd  area.  i.  21^ 
(*ii-atii^i!i::  la_\ei,  i.  J75 
(■i<-atr:.\.  I.  'S:\.  6^1 
Cilia,  li.  969;  ami  ilia-jnoM^,  971  ;  ^t^iL.n;: 

of,  909 

rinnabar,  eiieiilatioti  throiiL'h  tu'-"-,  i.  20*.* 

(irenlatjon.    bliMrtl-eorpi:- h  ■..    i.    'Jll  ;    of 

lymj.h.    3*J1  :    throned:   •  ..p;ll..ry    !i*i>, 

207  ;  throuu'li  t»d.i<..  196 

rinl.o>i.,    ii.    'JlJ:  :    Mle   du-tv    i»-j«\   -j-jl. 

223  :  of  lu:i-,  13^ 
Citiho^i^  of  liver,    c  ili  ififd.   ii.    225  ;   rji. 
ciToiH.   225  :  in  children,   22*1  :  ciii.:  A 
jiljen-'Uii  iia.  223  ;  ••oiuj'licitiou'*,  226  ;  iu 
lowrr    aniniaN,     22i»  ;    lupin- uis     225  . 
nature  of  pr'K-e>s.  223  ;  tu'«ercular,  225; 
\arii;:e-,  225 
Cirrhoii.- Kidii'-y,  ii.  277  :  arterial  srn-^re, 
2'*2  :  erltlsl•^.  2^1  :  droji^y,  2**.«  :    heart 
and  ve>MK,  2>2:  ri'tinilis.  2^5;  thn.>ru-« 
of  origin,  2>2;  urine  in,  285 
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Cirsoid  aneurism,  i.  670 

Cladothrix«  ii.  964  ;  dichotoma,  975 

Clarifying  reagents,  i.  90 

Classification  of  myceteH,  ii.  958 

Cleft-fungi,  ii  964  ;  antagonism,  977  ;  caus- 
tic action,  972  :  fluorescence,  976  ;  gas- 
forming,  976  ;  influence  of  reaction  of 
medium  on,  968  ;  influence  of  sunlight 
on.  974  ;  influence  of  temperature  on, 
968  ;  nomenclature,  964  ;  nourishment, 
956  :  pigment-forming  properties,  974  ; 
powers  of  movement,  969;  reproduction, 
967;  structure,  964 

Cleft-palate,  ii.  917 

Cloaca,  common  open,  ii.  937 

Clostridium,  ii.  964 ;  butjTicum,  981 

Clots,  laminated,  i.  671 

Cloudy  swt'llin*^,  i.  172 

Coagulation  of  lilood,  i.  300 

Coagulative  necrosis,  i.  180 

Coccidia,  ii.  246,  1053 

Coccidiuni  ovifonne,  ii.  1052 

Cm^cus,  ii.  964 :  in  kidm^',  298 

Cohn's  fluid,  i.  113 

Colic,  il  500 

Colloid  hollies,  i.  170  ;  degeneration,  174  ; 
tumour  of  mamma,  ii.  805 

Colonies,  counting  of,  i.  127 

Coloration  of  blood-corpuscles,  i.  484 

Colour  of  organs,  i.  34 

Colour-blindness,  ii.  697 

Colour-sense,  ii.  697;  E>lridgc-Green'8  theory 
of,  701 ;  Bering's  theory  of,  700 ;  Young- 
Helmholtz  theory  of,  699 

Colpitis,  ii.  418 

Comc<lone,  ii.  887 

Commissures  of  central  nervous  system,  ii. 
653 

Common  salt,  i.  151  ;  injection  of,  528 

Coni|K>und  histioid  neoplasmata,  i.  392 

Conception,  ii.  389 

Concretions,  salivarj',  ii.  459 

Concussion,  ii.  598 

Condylomata,  i.  399 

Conglutination,  i.  301 

Conjunctiva,  transplanting,  i.  307 

Connective  tissue,  hypertrophy,  i.  165 

Contagion  of  anthrax,  ii.  1045 

Convolutions,  cerebral,  ii.  613 

Cornea,  gold  and  silver  staining,  i.  249 ; 
inflamwl,  251,  252  ;  structure,  245 

Coronary  arteries,  i.  576 

Corpora  r|uaclrigemiua,  ii.  713 

Coq)us  callosum,  course  of  libres  in,  iL  645  ; 
in  edentata,  619:  function  of,  651; 
secondary  degeneration  of,  650 

Corpus  luteura,  ii.  428 

Cor]>us  4ua<lrigeminum,  ii.  689 

C-orrigan,  pulse,  i.  712  ;  theory  of  mur- 
murs, 656 

Corrosion  preparations,  i.  75 

Corrosive  sublimate,  i.  149 

Coryza,  ii.  1 


Cotton  plugs,  i.  121 

Coughing,  ii.  69 

Counting  of  colonies,  i.  127 

Covering  and  cementing,  i.  96 

Crackling,  IL  56 

Crack-pot  sound,  ii.  60 

Cranial  topography,  ii.  611 

Craninpagus,  ii.  944 

Creatin,  ii.  348 

Creatinin,  ii.  348 

Crepitation,  ii.  56 

Cretinism,  ii.  776  ;  ftetal,  777 

Crise  hrmatique,  i.  483 

Crossed  callosal  tract,  ii.  645 

C'roup,  ii.  10 

Croui)ous  exudation,  i.  235 

Croui)ous  pneumonia,  i.  689,  ii.  102  ;  com- 
plications, 109:  and  emljolism,  109: 
microphyte,  106;  sputum,  106;  state  of 
heart,  105  ;  suppuration  in,  105  ;  and 
temperature,  108  ;  termination,  106 

Crust  a,  disejises  of,  ii.  677 

Cryptorchid,  ii.  371 

Culture  media,  i.  112,  114,  preservation, 
120;  tubes,  120 

Curare,  ii.  985 

C'urschmann's  spirals,  ii.  68 

Cyanotic  atrophy,  ii.  212  ;  induration  of 
'kidney,  288 

Cyclopia,  ii.  923 

(Cylindroma,  i.  875 

(.•yphosis,  ii.  865 

Cyrtomet«r,  ii.  164 

C>Ttosis,  ii.  865 

Cystioercus  cellulosoe,  ii.  1073 

Cystinuria,  ii.  330 

Ciystitis,  il.  359 

Cysts  i.  407,  414,  ii.  914  ;  of  liver,  247  ; 
of  mamma,  796,  799,  805 

Dammar  lac,  i.  96 

Decalcifying  fluid,  i.  97 

DecomjK)sition,  i.  183 

Degenerations,  i.  170  ;  atroi)hy,  170 ;  calci- 
fication, 182  ;  caseation,  180  ;  coagula- 
tive necrosis,  180  ;  cloudy  swelling,  172; 
colloid,  174  ;  fatty,  173  ;  gangrene,  183; 
of  hyi>ertrophie<l  heart,  650 ;  mucoid, 
176  ;  pigmentation,  177 

Demodex  folliculonim,  ii.  1082 

De  Renzi,  reaction  of  blood,  i.  450 

Desquamative  nephritis,  ii.  266 

Development,  i.  162 

Dextrins,  i.  521 
,  Diabetes,  ii.  330  ;  causes,  i.  528  ;  insipidus, 
520,  ii.  327  ;   mellitus,  i.   520  ;  organs 
in,  529  ;  pancreatic,  ii.  560 

Diabetic  coma,  i.  533  ;  organs,  i>reparation, 
534 

Diaceturia,  i.  532 

i  Diai>ede8is,  i.  224,  230,  233 ;  histor}-,  229 
I  Diarrhoea,  ii.  537  :  green,  .WS  ;  green,  of 
I      infants,  975  ;  summer,  of  children,  537 


1126 


INDEX 


Diostatic  fciments,  ii.  979 

Dicepbalus,  ii.  945 

Dicrotic  wave,  i.  701  ;  pulne,  709 

Diet  and  urine,  ii.  339 

Ditfuiie  aneurism,  i.  670  ;  waxy  spleen,  ii. 
787 

Digestion,  alcohol  in,  ii.  479  ;  circuni- 
stances  influencing,  478  ;  disordered,  i. 
5712  ;  in  horse,  ii.  477  ;  influence  of  acids 
and  alkalies  on,  480  ;  influence  of  de- 
pressing nerve  influences  on,  481 ;  infused 
Wvera^res  in,  479 ;  ner\-e  control  over, 
481 ;  normal,  468  ;  in  overloaded  stomach, 

480  ;  of  particular  elements  of  the  food, 

481  ;  of  i.roteids.  473 
Dilatation,  i.  028 

Dii>htlieria,  i.  607,  ii.  10,  762  ;  kicillus 
of,  977  ;  Bretonneau,  14  ;  general  con- 
clusions, 22  ;  in  lower  animals,  27  ;  older 
views,  13  ;  urine  in,  27 

Diphtheritic  hacilhis  ii.  16  ;  jjaralysis,  24 

Diplococous,  ii.  1010 

Di])ygus,  ii.  946 

Direct  division  of  celN,  i.  3.'i6 

Discharge  from  wound,  i.  278,  283 

Disea>e,  dclinition  of,  i.  161 

Disi-a**!-*  with  liigh  arterial  pre^^sure,  i.  705; 
with  Idw  arterial  pressure,  708 

DisintVctaiits— carbolic  aci«l,  i.  149;  chloral, 

150  :  chloride  of  zinc,  150 ;  chlorine, 
hroiiiine,  ami  iodine,  150 ;  common  salt, 

151  ;  corrosive  suMiinate,  1 19  ;  ozoniMMl 
air,  151  ;  i»henylpropionic  and  jihenyl- 
acetic  .acids,  151  ;  sulphurous  juid,  150  ; 
thymol.  149 

I>i-inlc«'liou,  i.  1 17  ;  oll»li)o<l,  147  ;  method 

of  cxperiiiu'jit,    14S  ;  oi-gani^us  of  !,np- 

piiratiun,  151 
I>  H>fciini^  siiuMirism.  i.  670 
Diuresis,  ii.  'oil 
Diverticulum  ilci,  ii.  013 
Di\i-i'»n  nl  piithnlo^'ioal  k-AU,  i.  355 
T)'i.liniiu>>  du<><U>iiali>i.  ii.  1U<)3 
T)i:uiMi.  i:lu<  iiiciliiu-iiNi-,,  ii.  10')8 
Drawin-j,  !ni  riwcnpi»-,  i.  1  (.)»') 
Dropsical  li'iuiil",  i.  .'{p)  ;  i«iagulation,  .'U«>; 

dfc«iiiipositi.)n,     :U2 ;      prottid>,     342; 

pp'tcids  and  <lia;:n<»si'..  3(1 
Dn»p'»y,    i.    31^  ;  drlinitiun.    'Vl'l  :  g»ueral 

ca'iM->,  3J3  :  immcnchiture.  330;  .-pecial, 

'.V.\\\ 
Dry  huMi,  i.  101 
Dull  -MiiM.i.  ii.  59 
Du"d«  iiuiM,  arutc  prrforatin^r  ulcer  of,  ii. 

520  ;  dihitati.m  of,  521 
DyM-Mit'iy.  ii.  54') ;  En^hih.  542 
Dysmt'ii(irrh<i-a,  ii.  .*5'.*0  ;  mcmhranous,  394 
Dy-pcjisia,   ii.   487  :  acii!,  \^>  ;  from  fat-*, 
*497  ;   Krmentati..n   tt-^t    in,   41*8  ;   flatu- 

h-iit.  197  :  patliMhi^ry  of  symptoms,  601  ; 

troiM  protcids,  4i»6 
T>y-'pljai:ia,  li.  4»»l 
T*y.*jinoa,  ii.  61 


Ear,  enlargement  of.  in  rahbit,  i.  324 

Earthworms  and  anthrax,  ii.  1046 

El>erth  and  S<*himnielbusch  on  thromliOMv. 

i.  801 
Ebuniation,  ii.  857 
Ecthyma,  ii.  879 
Ecto]>ia  vesiiU',  ii.  916 
Ei'zema,  ii.  878 

Eichorst's  corjmsi^leH,  L  497,  505 
Elephantiasis,  ii.  893 
Elythritiji,  ii.  418 
Embedding,  i.  60 ;  mixture  for  bniif  aiui 

tooth,  62 
Emboli,  septic,  i.  677 
Eml>olic  infarction,  ii.  285,  310 
Embolij.m,i.  677  ;  air.  2o7, 6>9  ;  encephalic. 

ii.  606  ;  fat,  i.  687  ;  and  inflaniniat;<^x.. 

235  ;  pulmon.iry,  685 
Eme^is,  ii.  500 

Emphy>ema,  i.  64  4,  705,  ii.  161 
Empyema,  ii.  35 
Ence]>halitis,  ii.  .'>82 
Encephahvele,  ii.  923 
Fhnloarteriitis   chn>nica,    noil>sa    <.    drf--*!- 

mans,  i.  661  ;  vcrnico-a.  667 
Endc»carditis,  i.  595  ;  chroniL*  changt.-.*.  5f»9. 

diaWtic,    607;    from   j:out,    600;    i-ii  •• 

pathic,    609  ;    malignant,   600  :    niorbi'l 

.inatimiy,  596;  organism>  of,  601,  6>i.'{. 

601,  605;  pneumonic,  607:  rheiin.atic. 

595  ;  sites  596 
En«l«H'ardium,  structure,  i.  ,594 
Endometritis,  ii.  .'i92  :  at-ute,  U'.»2 ;  rl.r.»:.;- . 

393  :    gani:n.-i;ou?»,    31*6  ;     nn-mlir.ii.  u-. 

394 
Etidothelial  di'-xpiainati-m,  i.  210 
Kiidothcliomata,  ii.  7'i'* 
F.iulotlirlium,  i.  .*V»»7  ;  <if  vf-sel-,  \^'\ 
Eiilvriti'.,  cnmpous.  ii.  542 
Enter' ilith-.  ii.  556 
Euun"»is  ii.  '>.'7 

Enzyiues,  ii.  97>,  '.•>5 ;  bacti-rial,  l*i'2 
Kosiii,  i.  ^3 
Ephfliihs  ii.  '^^♦".s 
Epidiilyniit:*^.  :i.  37  4 
Epiu'uathus.  ii,  •.•15 
Epilejisy,    ii.    73l»  :    artiticial,    741;    i.-r^r 

centres  in,  741 
Epiphysial  line.  ii.  **1 1 
Epispadia,  ii.  1*.'J7 
Epistixi>,  ii.  2 
Epith«-li'-imata,  i.  397 
Ej'ithclium,  i.  397  ;  of  air-vcule'..  ii.  l*jn  . 

in  liealimr.  i.  2tJ'»,  273  ;  pulni«'ii.ii\,  'Jl-^  . 

reireueratioii,  307 
Erb"s  paialysis.  ii.  7;i.') 
Ery>ipfla>,*ii.  S73,  97^,  1104 
Erytlienia.  ii.  S69,  871  ;  n<.Hl'>*un:,  **72 
E^iba.h's  tuUs,  ii.  320 
Hsinanh'"  metlio-l,  fraiti'Ui  .1  .ulture,  i.  12''i 
E"->ential  p.iral)-:-,  u.  'y.\ 
Etiolii^'y  «jf  j'uljiionirx  tiii-ercub-i*.  li.  151 
Eucalyptol.  i.  233 
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En}itrong}'lu8  gigas,  ii.  1064 

Exiiilatiou,  inllamniatorv,  i.  235  ;  of  liquid, 

232 
Exuilation.s  i.  319,  330 
Eyeball,  effect  of  destruction,  ii.  692 
Eyeballs,  nioveiiients  of,  ii.  706 

Facixtative  jmrasites,  iL  958 

F:i  ces  in  jaundice,  ii.  191 

Fallopian  tubes,  ii.  411  ;  atresia,  412  ; 
haemorrhage  from,  412  ;  hy«lro])R  of,  411 

False  aneurism,  i.  670  ;  membranes,  235, 
ii.  15 

Farrants'  solution,  i.  93 

Fat  embolism,  i.  207,  533,  687,  iL  296 

Fat-splitting  ferment,  ii.  473 

Fatty  degeneration,  i.  173,  581  ;  heart, 
medico-legally,  585 ;  infiltration,  106, 
581,  ii.  208  ;  tumour,  i.  383  \ 

Favus,  ii.  903  , 

Ferment,  fat-.splitting,  ii.  473  ;  lactic  acid,  I 
473  ;  milk -curdling,  472  I 

Fermentation,   iL   960,   964,  978  ;  butyric  I 
acid,  981  ;  chemical  interchanges,  979  ;  ' 
by  cleavage,  980  ;  continuous,  979  ;  by  \ 
microbes,  980  ;   by  oxidation,  979  ;   by 
reduction,  980  ;  by  schizomycetes,  981  ; 
by  yeast,  980 

Fermentations,  organic,  ii.  OSO  I 

Ferments,  iL  978,  985  ;  bacterial,  992  ; 
organised,  978  ;  of  stomach,  fate  of,  483 

Fever,  i.  345,  ii.  1096  ;  cause  of  death  in, 
1102  ;  products  of  metal>olisni,  1100  ; 
pueriieral,  396  ;  relajising,  1047  ;  respira- 
tory and  circulator}'  phenomena,  1102  ; 
rise  of  temiH:rature  after  death  in,  1 103  ; 
a  salutary  j)ro<'ess,  1103  ;  sdun-L'  of  heat. 
1102  ;  splenic,  1042  ;  stages,  1096  ;  tem- 
perature in,  1097  ;  traumatic,  1100 

Fevers,  different,  tem|)erature  in,  ii.  1103 

Fibrinous  lymph,  L  296 

Fibroblasts,  L  271 

Fibro-chondroma,  L  386 

Fibroid  phthisis,  L  646,  ii.  138 

Fibroma  of  mamma,  ii.  797 

Fibrous  tissue,  and  healing,  i.  271  ;  regener-  \ 
ation,  307  ;  tumour,  381 

Filaria  sanguinis  homiuis,  iL  324,  893, 
1066 

Filtering  organisms,  L  1 32 

Fish  tail,  i.  217 

Fissura  alMlominalis,  ii.  915 

Fissuru  sterni,  iL  916 

Fistula  iu  ano,  ii.  146 

Fistula  colli,  iL  920 

FistuL'i,  lymph,  i.  342  ;  salivary,  iL  459 

Flat  sound,  ii.  59 

Flat  wonns,  ii.  1070 

Flatus,  ii.  499 

Flesh,  tubercular,  i.  434 

Flies  as  disseminators  of  contagion,  ii.  1046 

Floating  kiilney,  iL  310 

Flukes,  iL  1068 


Fluorescence  of  organisms,  ii.  976 

Foetal  membranes,  diseases  of,  ii.  949 
tissues,  transplantation,  L  311 

Fa*tus,  harletjuin,  ii.  885  ;  tubercular,  952 

Fourth  ventricle,  puncture,  i.  527 

Fowls,  tubercular  infection  from,  L  433 

Fractional  cultivation,  L  124 

Freckles,  ii.  868 

Freezing  fluids,  i.  58 

Friction  .sound,  ii.  57  ;  theorv  of  murmurs, 
L  656 

Friedreich's  disease,  ii.  751 

Frog's  bladder,  i.  216  ;  lung,  215  ;  mesen- 
tery, 215 ;  tongue,  215,  225 ;  web, 
circulation,  192,  214 

Fungi,  classification,  958  ;  functions  of, 
959 

Fungous  granulations,  ii.  852 

Fungus  iHUiignus,  iL  376 

Furunculi,  ii.  887 

Fusiform  aneurism,  i.  670 

GADRfiN,  ii.  987 

Gall-blailder,  diseases  of,  iL  207  ;  in  fatty 
liver,  211 

Gall-stones,  ii.  208 

(ianglioii,  ii.  863 

(tangrene,  L  183  ;  of  lung,  iL  117 

Gangrene-lung,  iL  100 

Gartner's  canal,  cyst  of,  iL  424 

Gas  cysts,  ii.  556  :  of  vagina,  420 

Gas  in  pleura,  ii.  168 ;  in  stomach,  ab- 
8oq)tion  of,  498 

Gaatric  juioe,  ii.  471 

(lastro-schisis,  ii.  915 

Gastroxia,  ii.  491 

Gastroxyusis.  ii.  491 

Gelatine  and  freezing  fluid  mixture,  i.  61 

Gelatiue-]>otash  methotl — brain,  i.  48 

Gelose,  iL  969 

Genital  cord.  ii.  981  ;  glands,  malforma- 
tions of,  928  ;  organs  and  passages,  mal- 
formati<ms  of,  934  ;  tuberculosis,  410 

Genito-urinary  ]>hthi8is,  iL  303  :  tuber- 
culosi.s  146 

Germicides,  iL  156 

Germs,  atmospheric,  testing,  L  152 

Giant-cells,  L  291,  iL  815,  816 

Gibson  on  blood -cor]^uscles,  i.  493 

GiMer's  putty,  L  719 

Gin-drinker's  liver,  ii.  216 

Gland  tissue,  inflame<l,  L  244 

Glanders,  iL  989,  1032 

Glands,  lymphatic,  cancer  of,  iL  802 

Glaus  ]>enis,  ii.  383 

Glass  troughs  for  cultures,  i.  120 

Glioma,  L  373 

Gliomata,  ii.  737 

Globulin,  tests  for,  ii.  317,  320 

Glomerulo-nephritis,  i.  647,  ii.  291 

Glosso -labial  paralysis,  iL  683 

Glvcerine,  L  95  ;  agar,  118  ;  jelly,  44,  50, 
(Hamilton)  94 
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Glycogen,  i.  521,  ii.  188,  192  ;  liter,  205  ; 

Htain  for,  205 
Glycogenetic  function,  i.  521 
Glycogenic  function,  i.  522 
Glycosuria,  i.  520 ;  experimental,  527 
Goitre,   emlemic,    ii.    776 ;    exophthalmic, 

777 
Gold  stain,  i.  88 
Gohl-Ktuined  cornea,  i.  249 
Golgi's  btain,  i.  83 
Gonococcus,  IL  308,  977,  1014 
GonorrhrpA,  ii.  307 
Gonorrho'ul  rheumatinm,  i.  535 
Gout,  i.  538,  705,  ii.  284  ;  diaphnigrontic, 

i.    576  ;     pathological    anatomy,    543  ; 

theories,  54  4 
Gouty  kidney,  ii.  277 

Gowers,  h.i'Mio^lohiuonieter,  i.  453  ;  numer- 
ation of  lilooil-cor]iU8cles,  459 
Graiii'd  pnK-fSrt  nf  Ktainin>:,  i.  134 
Granite  wurkiTs  un«l  dust  di^^eaM*,  ii.  99 
Granulation,  hfuling  hy,  i.  274  :  tissue,  274 
Granulations  nf  cvrehral  ventricles,  ii.  574  ) 

flabby,    i.     27S  ;     formation    of,     278  ; 

fungous,  ii.  852  ;  influence  in  healing,  i. 

2i«3  :  natural  atni]ihy,  284 
Gra]N*-sugar,  i.  341,  528  ;  e.^timation  of,  ii. 

333  ;  tests  f(.r,  330 
Gray  heikitioatinn,  ii.  104 
(;r<>wth,  L  102 
Guanin.  ii.  34 S 
(Tulteniaculuuk  te*<tis  ii.  371 
Guinea-w»»nii.  ii.  10»'iS 
(runiniuta,  i.  439,  004,  ii.  230 

Hapernkrankheit,  ii.  1011 
H.i'iu:uvtoiiK'tt.T,  i.  45.'i.  4riH 
H;.iiiatobl.t>t.,  i.  300,  340,  449,  403,  4S2, 

fHavcm'-.  ISO,  4S| 
H;vniHt.K-,.l,.,  ii.  41.-,,  vn  ;  jK-lvii-,  420 
n.«-iii:it<«iilin,  i.  17."^ 
H;i  in.ttoni.i  of  dura  muter,  ii.  '>04 
Il;i-nkntiixylcnc,    i.    7i* ;    rri.fncriition,    82 ; 

htain  (M:iiiiilt<iii\  M 
Iliiiiiatci/o.i.    iif    :inimi)<,     ii.      1001  ;     df 

nialuria,  lO.'it) 
Ilrviiiatiiria.  ii.  321 
H;i-iM«H'\i»-«,  i.  4i;2  :  snmvi-^  of,  479 
li..innifi,.biii,  i.   177,  :U1.   40o,  402,505: 

in  iliMM".!-,  454  ;  rstiiiiati'»i»«»f,  150  ;  test- 

fnr.  ii.  321 
ll;i'in<»k'l«»biiii»in»'trr,  i.  452.  453 
H.i-iiM^diibiiiiiria,  ii.  32*J  ;  in  .'iiiiinals,  323 
H.*  iiidysis  and  urini*.  ii.  323 
II.i  ni'i]iliili:i,  i.  470 
n;i'nii>i»(y'<i«.  ii.  135 
H;i'?n'»rrfiap',   i.    401.  507,    510;  rorebral. 

ii.  'InO:  in  inlan-tion,  i.  OmO  :  iHTioardi.iI, 

5.'i0  ;  puhnnnary,   ii.    15'.»  ;  vital  pheno- 

iiiciia,  i.  4l»H 
Ha  iniirrhak'i<"  infarcti'iii,  ii.  179 
Hairy  pylypus,  li.  3 
Hani  cliancre,  i.  315 


Hanlening,  i.  54 ;  brain,  56 ;  volutioni 
"A,"  '•B,'"»C,"etc.,  54 

Harelip,  ii.  917 

Harlequin  fcetuR,  ii.  885 

Harvest  bug,  iL  1080 

Haversian  sjiaces,  ii.  818 

Hay  fever,  ii.  1 

H.iyem  on  thronilMMiii,  L  301 

Headache,  ii.  501 

Head-kidney,  ii.  928 

Healing,  i.  208  ;  of  arterieit,  674  ;  by  lirrt 
intention,  269;  by  ininieiliate  union,  'JOS  ; 
method  of  8tudying.  273  ;  by  ftn-ond 
intention,  274  ;  by  secumlary  adhrfion, 
2S5  ;  under  scab,  280  ;  summary,  2^0 

Health,  tlefmition  of,  i.  161 

Heart,  acceleratetl  U-at,  i.  568,  569 :  aneur- 
ism, 590  ;  l)asi!  muscles,  621  ;  branchi'H 
of  synii>athetic,  560  ;  branches  of  vapu'^. 
501  ;  cilciticiitiou,  592  :  cloudy  nwrllinj. 
5S3  ;  c.intractiou.  095,  697,  09'« :  tiilata- 
tion,  628 ;  examination  of,  0 :  fatty 
infiltration  and  tlvgeUf ration,  5>*1  :  fibre, 
exaniinution  of,  13;  functional  di^eai^rt. 
559  ;  hyiK-rtrojihie*!  drgenerntion,  050  : 
byjN'rtrophy,  029  ;  )dii>pathic  liyjHr- 
trfiphy,  049 :  irregularity,  574  ;  nialt>>r- 
mations  of,  593,  ii.  924  :  mu«ile,  auto- 
matism, i.  561 ;  myocarditis,  5**9  :  nerrc 
su]>ply,  559  :  orificeK,  623  ;  |ieniii  lous 
an:emia,  506  ;  p);:inent:ition,  5*^7  :  te- 
tanled  Iwat,  573  :  rhytlim.  702  :  nipt u re, 
.*iS7  :  syphditic  diMrase,  592  ;  toni  fiiiji*- 
i  tion,  031  ;  tumours,  5I»3  :  valvul.irii->i>>n. 
!  57<' :  wax-like  ili-ii-.isi'.  5r<'< ;  \ieu'!it«»  nu'l 
un-aMin-incut'*,  57S,  in  di^eaM-.  Oil.  preg- 
nancy, O.'iO 
'  Heart liiirn,  ii.  499 

Hrarldi-caM.,  \\.  \:t\ 

Heat,  animal,  ii.  10^7  ;  animal.  bM-ahti*-  :n 
wliii-h  L'eniTate-1.  lt>'.*l  ;  aninial,  "■mr  -  *. 
Iii90  ;  in  a.spliyxia,  03  :  proilucti'-n  :<.i.\ 
lrmi»eniture,  10i»| 

Ilciiieiiliain,  exi-n-tir)n  «if  albumin,  ii.  3!  t 

lleniialbuniwsr,  ii.  321 
I  Hemianopsia,  ii.  t;ii3 

Hemi<i]«ia,  ii.  0l'3 

Heniiple-ia,  ii.  lt<^,  076 

llepatii-  inhc,  ii.  *_''»*< 

Hepati-atitin.  li.  104 

iieni.aiihroditisni.  ii.  9o6 
"  Hernia,  cmnenital.  ii.  372:  funi-«,  915 

Herpev.  ii.   t7lJ  •.  cininatus  871  :  <'f  c'.ai.s 
'      and    jirepuic,   3***  :    iri>,    871:    l.ih.;! -. 

■  4 15 

I  Hcs's  meth<^l,  atmo.spheric  germ*,  i.  l.':'i 
".  Hi«ciiii;:h,  ii.  7') 
IIip]HMTatio  su<-cnssiiin,  ii.  57 

■  Hi]>puric  a<  ill.  ii.  310 
'  Hobnail  liver,  ii.  210 

Hnjiptr-.S-yler,  h.»  ino;:lobin,  i.  451 
Horn«<.  i.  399 
How«hii)'s  lacunas  ii.  S15 
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Hyaline  degeneration,  i.  671,  673 ;  fibroid 

substance,  673 
Hyuline-tibroid,  ii.  283 
Hyboma,  ii.  865 
Hybosis,  ii.  865 

Hydatids,  ii.  1076  ;  of  pleura,  37 
Hydrajmia,  i.  328 
Hydramuion,  ii.  940 
Hydreucephaloccle,  i.  330,  336 
Hydrocele,  ii.  373  ;  congenital,    i.  338,  ii. 

372  ;    encysted,  i.   338  ;    in  female,  ii. 

427 
Hydrocephalus,  i.  330,  333 
Hydromeningocele,  i.  336 
Hydromyelia,  i.  336 
Hydronephrosis,  i.  338 
Hydropericardium,  i.  330,  332,  557 
Hydrophobia,  projihylaxis,  ii.  1002 
Hydrops,  ii.  429,  431  ;  lacteus,  i.  341 
Hydrorachis,  i.  330,  336 
Hyilrothorax,  i.  330,  332 
Hydruria,  ii.  327 
Hygroma,  ii.  863 
Hypalbuniinosis,  i.  466,  496 
Hyperalbuminosis,  i.  465,  496 
Hyjierinasis,  i.  496 
Hypertrophy,  i.  32,  164,  628  ;  of  arteries, 

669  :  of  bladder,  ii.  358  ;  of  brain,  577  ; 

of  kidney,  302  ;  of  pulmonary  muscle, 

179  ;   of  testicle,  372  ;   heart,   time  re- 

quiretl,   i.    650;    from  valvular  disease, 

628 
Hyphomycetc«,  ii.  960 
Hypinoais,  i.  496 
Hypinotic  diseases,  i.  471 
Hypospadia,  IL  937 
Hypoxanthin,  i.  510,  ii.  348 

TcBTHTORis,  ii.  883 

Icterus  epidemius,    ii.    200 ;   neonatorum, 

201 
Immersion  lenses,  i.  101 
Immunity,  ii.  996  ;  from  antitoxic  senim, 

999  ;   cause  of,   1003  ;   from  disease,  i. 

146 ;  regional  and  hereditary,  ii.  1003 ; 

against  ricin  and  abrin,  1002 
Impetigo,  ii.  878 
Inanition,  i.  466 
Inclusio  fcetalis,  ii.  945 
Incubation  chamber,  i.  128 
Indigo  and  urine,  ii.  336 
Indigo-carmine,  i.  79 
Indirect  division  of  cells,  i.  351 
Indol  in  cultures,  ii.  994 
Infantile  spinal  paralysis,  ii.  753 
Infarction,  i.  602,  679,  ii.  235  ;  artificial, 

i.  686 
Infiltrations,  i.  166 
Inflamed  omentum,  i.  241 
Inflammation,  i.  185 ;  cardinal  symptoms, 

259  ;  of  cartilage,  259  ;  changes  in  fixed 

tissues,  239  ;  cold-blooded  animals,  214, 

222  ;  connective  tissue  proliferation,  241, 


242 ;  definition,  185 ;  endothelial  de- 
squamation, 240  ;  exudation  of  liquid, 
232  ;  of  gland  tissue,  244  ;  of  lung,  243  ; 
of  muscle,  243  ;  nervous  influence,  218  ; 
pain,  259 ;  parenchymatous,  260  ;  red- 
ness, 260 ;  swelling,  260  ;  temperature, 
259  ;  vascular  and  tissue  changes,  185  ; 
vascular  part^,  method,  214  ;  vascular 
]>henomena,  222  ;  warm-bloode<l  animals, 
226 

Inflammatory  afli^ections  of  arteries,  i.  661  ; 
effusion,  fate,  265 

Influenza,  ii.  1028,  1104 

Infused  beverages  and  digestion,  ii.  479 

Ingesta  and  tul>erculo8is,  i.  432 

Injecting,  i.  70  ;  apparatus,  73 

Injection  of  lymphatics,  i.  75,  321 

Inner  capsule,  legions  of,  ii.  676 

Inoculating  a  tube,  i.  128 

Inoculation  of  animals,  i.  139 ;  of  tubercle, 
431 

Insanity,  ii.  153 

Insect^*  ii.  1082 

Insects  as  disseminators  of  contagion,  ii. 
1046 

Intermittent  fever,  i.  551 

Interstitial  nephritis,  i.  647 

Int<*stiue,  ii.  515  ;  catarrh  of,  518  ;  dis- 
eases of  follicular  tissue,  521  ;  examina- 
tion of,  i.  17  ;  gas  cysts,  ii.  556;  intus- 
susception of,  535  ;  micro-organisms  of, 
517  ;  obstruction  of,  535  ;  perforation  of, 
563 ;  secretions  and  excretions  poure<l 
into  it,  515 ;  tubercular,  146 ;  tuber- 
culosis, 531 ;  tumours  of,  555 ;  venereal 
affections,  555  ;  wasting  of,  555 ;  waxy 
disease,  554 

Io<line,  i.  150 ;  stain,  89 

Iodoform,  i.  233,  293 

Iron  in  blowl,  i.  450 

Ischiopagus,  ii.  944 

Ischuria,  ii.  358 

Jacksonian  epilepsy,  ii.  739 

Janiceps,  ii.  944 

Jars,  museum,  i.  52 

Jaundice,  ii.  190 ;  from  catarrh,  197 ; 
causes,  193  ;  degrees  of,  193  ;  e]>idemic, 
200  ;  hiematogenous,  193  ;  from  heart 
<lisease,  198  ;  in  infants,  201  ;  nervous, 
199  ;  nervous  phenomena,  192  ;  without 
obstruction,  198 ;  from  obstruction  of 
bile  ducts,  194  ;  from  poisons,  199  ;  from 
starvation,  198  ;  terminations,  201 

Johann  Duncan,  chlorosis,  i.  460 

Joints,  ii.  811  ;  arthritis  deformans,  859  ; 
chronic  rheumatic  arthritis,  858 ;  fun- 
gous, 849  ;  in  gout,  i.  548 ;  inflammation 
of,  ii.  855:  liiK)ma  of,  863;  in  rheu- 
matism, i.  536  ;  senile  changes  in,  it 
857  ;  suppurating,  856  ;  syphilitic,  845  ; 
tul>ercle  of,  846  ;  tubercular,  846  ;  wax- 
like  disease  of,  862 
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Keloid,  ii.  892 

Keratitis,  i.  252 ;  Cohnheim^s  early  views, 
i.  252,  later  views,  253  ;  method,  251  ; 
Stricker'a  views,  255  ;  sainuiary,  256  ; 
suppurative,  253 

Kidney,  absceju,  ii.  297  ;  adoDoma,  307  ; 
anatomical    and    ])hysioIof;ical    details, 
251  ;   anthrax,   297  :   cancer,   306  ;  ca- 
tarrhal  nephritis,  266 ;   cirrhotic,  277  ; 
connective  tissue,  257 ;  course  of  tubes, 
255  ;   cyanotic  induration,  288  ;   cystic 
disease,  309  ;   disease  aD«l  caniiac  hy|ter- 
tro])hy,  i.  617  ;  diseases  of  ]H.dvis,  ii.  364  ; 
epithelium,  255  ;  and  excretion  of  nitro- 
gen, 339  ;  fat  emlx)U.sm,  296  ;  fatty  de- 
generation, 288  ;  fatty  infiltration,  287  ; 
tibrous    tumour.    307  ;    floating'.    310  ; 
genito-urinary  plithisis,  303 ;  glomenilo- 
uephritis,    21*1  ;   ha-'morrhagic   sarcoma, 
306  ;    hyi>ertrophy,    302  ;    innervation,  ' 
258;  in  jaundice,   192  ;  in  leucoc'vthii*- , 
mill,  301  :  Ii]H)ma.  306,  308  ;  lymithatics,  ' 
257  ;  myoma,  307  ;  i>ar:iuephritis,  301  ; 
imrts  concerne*!  in  excretion,  260  ;  ]»owers 
of  excri'tion,  261  ;  j»yelo-nephriti.s  298  : . 
replacement  by  fat,  308  ;  Nrirconui,  306  ;  | 
scarlet  fever,  291 ;  tulnrrcle,  302  ;  in  valvu- 
lar disease  of  heart,  288  ;  wax-lik«*,  273 

Kidneys,  i.  61  (>  ;  examination  of.  15  ;  in 
p^ut,  5U  ;  hy|H!rtrophy,  105;  infarction, 
iJsO  "  I 

Kjfhlahrs  ]>ro4*ess  fi>r  estimating  nitrogen, 
ii.  311 

Knitp  ami  Hufner's  ]trocess  for  estimation  . 
of  urtM,  ii.  3 12 

Koi.li">  ►ri'latine,  i.  11 1 

La«  r!c  a-i.l,  i.  fill,  r*',]7  ;  frrmt-nt,  ii.  473 

U-t'imr    (III  I'litiiisi^,  ii.  130 

Laril:irt-oii.i  di-«fa-i-,  i.   I»i7 

L:irynp'i«'ri)us  ^triiliilu^,  ii.  7  ' 

I-iiryn^'itis.  a.-ut*-  mnnbraiious,  ii.    10,  11  ; 

croMi'iHi-.,  i.  L'.'i.'j  j 

Larynx,  a!--  »-ss,  ii.  «)  ;  catarrh,  >»  ;  disease  of  ■ 

cartila;:«'»«,    40  :    functitmal    diTat»*s,    6  ; 

odriii.i,    l»  ;    crL-amc    divcaM-s,    S;    pani- | 

Ivsi^,  7  ;  spasTn,  7  ;  spasiii  of  mu«ioles.  6; 

syjdiilitio,  .SO  ;  tubfidr.  l'»<  ;  tiiUTi'ular. 

14»;  ;  tiiniMiirs,  .'iO ;  tyjilioiil.  2"^;  wasting 

of  imi.-»«*l«-«',  S 
Lateral  '«ilrr'>'i'«,  ii.  7.'i7 
I^eail  jiniviiiiii;:.  i.  7i).*i,  ii.  2''*  I  | 

I^eech  MTi-.-tion,  i.  472 
!,t.'i<iiiiyt»ma.  i.  ■J'•^ 
Lifusf«i,  i.  lul 
ly-ntii  111  ir    nuclius,    ii.    675,   ii^6  ;   loop. 

•i9o 
I,«'rnitia».i-,  ii.  '*9«i 
Lipra,  ii.  "^'JC, 
Lepn.sy.    ii.    M»»i  ;    ba.  ill  us    of,   89S  :    an.l 

tuU-i'  II-  i-.'mparfil.  1»01 
I«epti)nMii)n.L:itis.  ii.  569 
liCptotlirix.  ii.  961 


Leptof  autumnalis,  ii.  lOSO 

Leucin,  L  511,  ii.  345 

Leucocj-tes,  i.  449.  462,  481,  505;  numera- 
tion, 458  ;  proliferatiou  of,  261 

Leucoc}'thwmia,  i.  503,  508  ;  eti>dog}-,  516  ; 
kidney  in«  IL  301 

Leucocytha>mic  blootl,  i.  449 

Leucocj'tosis,  i.  518 

iHiUcomaines,  ii.  991 

Iieuconastoc,  ii.  967 

Ix*ucorrh(i'a,  ii.  392;  infantile,  421 

Leukaemia,  i.  508 

Leukojilasia,  )>uccal,  ii.  448 

Lichen,  ii.  ^8S:  urticatus  871 

Liebig's  method  for  estimating  urea,  ii.  341 

Liebreich,  reaction  of  blood,  L  450 

Ligatures,  i.  306 

Lijwmia,  L  207,  530,  6SS 

Li[)onia,  i.  3t>3,  ii.  565.  863 

Li]K>niatous  sarcoma,  i.  37S 

Lips  ii.  443,  445;  tumours  of.  445 

Li]>uria,  ii.  327 

Liipiid,  exudation  of,  iutlammation.  i.  232  : 
vein.  656 

Liquids,  tlropsical,  i.  340  ;  {ireparation  r>f 
for  staining,  139  ;  of  tissues  as  solvvDt>, 
293 

Lister's  flask,  i.  121 

Lithates,  ii.  347 

Litliic  aciil,  ii.  316 

LithojKiHlitin.  ii.  415 

Lithn^is,  ii.  i»7 

Litliuria,  ii.  335 

Liver,  i.  619,  ii.  1*?0  :  absorpti-iii  bycar:!- 
larii's,  240;  acini  of,  I.h-J  :  aiute  vv'.i »» 
atrojilkv,  '2'M  ;  adi-nonia  i»f,  "J'J2.  -41  :  ai.a- 
t«nini*al  details,  1>'J  ;  b.tcterial  n--  r«»">i-. 
2;i5  :  ral.iii.*.!,  •J2:»  :  iMnci-r.  r.»i.».  'Ji;  : 
ii'lN,  ilivi^inn  of.  219  ;  cirrlioti. .  21'«  : 
cyaimtir  atrojihy.  212  ;  i-y^ts.  217  ;  -ii- 
fmnntics  from  jTeisun',  207:  ili-pla.i- 
iiiiMit  r>f.  liUO :  «liNtribution  of  it*  ve-**-]-, 
1>2  ;  etfei't  of  extn-mes  of  dui  on.  *J<.»4  : 
examination  of,  i.  1};  f.itty  inliltnti"::. 
ii.  20S  ;  tibnmiata,  248  ;  fum  li.uis  1-:* ; 
infap  tion,  235;  lanw  cirrlniti*-,  'J-''; 
malarious  fever,  210;  jmiu  in  ilix-.i^e 
f)f,  'Jo:)  :  patlioliv^icul  zone'',  l^i  ;  p|. ... 
pltorotis  ]i<ii ..1)11111^',  231:  ]<i/mfi;ta::'>7;. 
212:  pMudo-arutf  yellow  utr-'j  h>.  2;'.:*: 
py:inni'  abbess,  239;  saniMuat.!,  'Jls  : 
small  rirrhoti*-.  216  :  sypbililic,  •j:^i  : 
tr"pi' al  ab*.•^'^.^.  23**  :  tnben-ulo'.i'.,  242  . 
typli.)id.  21:J  :  wax-like.  229 

Loi-.iiiuit<ir  ataxia,  ii.  746 

I -on  Ion  is,  ii.  865 

L'liiis  on  phthisis,  ii.  129 

Lumr,  abscess  ii.  116  :  acute  atroj-hv  of.  171  ; 
bliHul  '*upply,  3S  :  brown  imlurati  >». 
173  ;  cirrhosis  of,  13.^,  165  ;  cirrlM»-»i*  fn-m 
bronihilis,  S3;  collap-e,  165,  160:  i.-n- 
genital  deficiency  of,  171  :  croui--'.!^ 
pneumonia,   102  ;    disease    and    cardia<- 
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hj-pertrophy,  i.  644  ;  duct  diseases,  ii. 
91  ;  frog's,  i.  215  ;  functional  disease.**, 
ii.  61  ;  gangrene,  100,  117  ;  infarction, 
i.  683  ;  oedema  of,  339,  689,  ii.  176  ; 
structural  details,  38  ;  syphilitic,  172  ; 
tubercle  propagated  by  the  blood-vessels, 
147  ;  tubercle  propagated  by  lymphatics, 
150  ;  tul>ercular,  in  lithosis,  100 ;  tuber- 
culasis,  129  ;  tumours  of,  176  ;  in  val- 
vular disease,  i.  637  ;  vaso-motor  ner\'es, 
ii.  49 

Lungs,  examination  of,  i.  14 

Luminous  cirrhosis,  ii.  225 

Lupus,  i.  437 

Lutein,  i.  179 

Lymph,  circulation,  i.  321  ;  comiH>sition, 
319;  fistula,  342;  glands,  477,  515; 
glands  as  blood  -  transforming  organs, 
493  ;  hearts*,  321  ;  obstruction,  326 

Lymphangeioma,  i.  395,  ii.  449 

Lymphatic  glands,  examination,  i.  19 

Lymphatics,  injection,  i.  321  ;  of  endocar- 
dium, 595  ;  pulmonary,  ii.  146 

Lymphoid  tumours,  i.  510 

Lymphorrhcea,  iL  894 

Lympho-sarcoma,  I  377  ;  of  lung,  ii.  176 

Macrocheilia,  ii.  445 

Madura  foot,  ii.  1027 

Malacosteou,  ii.  836 

Malaria,  ii.  1055 

Malarious  fever,  ii.  240 

Malassez,  haemoglobin,  i.  452 ;  numera- 
tion of  blood-corpuscles,  455 

Malformations,  ii.  909 ;  causes,  909  ;  classi- 
fication of,  909 ;  of  genito-urinary  organs, 
928 ;  of  heart  and  blood-vessels,  924 ;  of 
limbs,  939 :  of  primitive  cerebral  vesicle, 
923 ;  of  skull  and  spine,  921 

Malignancy,  signs  of,  i.  360 

Malignant  pustule,  ii.  1041 ;  sore-throat,  11, 
12 

Mallein,  ii.  989,  1087 

3Ialto$e,  i.  520  ;  fermentation  of,  ii.  981 

3Inmma,  ii.  791  ;  abscess  of,  807  ;  cancer, 
i.  403  ;  hypertrophy  of.  ii.  146,  794  ; 
inflammation  of,  794  ;  lactating,  793  ; 
male,  dLseascs  of,  809  :  neuralgia  of,  792  ; 
normal  structure,  791 ;  tubercular,  i.  434, 
ii.  809  ;  tumours  of,  795  ;  warty  growth 
in  cancer  of,  806 

Maniacs,  pulse  in,  i.  714 

Mannite,  fermentation  of,  iL  982 

Mask,  making  of,  i.  718 

Mastitis,  ii.  794 

Mastodynia,  ii.  792 

Maternal  impressions,  ii.  911 

Maxilla,  inferior,  ii.  917 

Measles,  ii.  910,  1103 

Meckel's  diverticulum,  ii.  913 

Medico-legal  reports,  i.  37,  41 

Medulla  oblongata,  ii.  682  ;  haemorrhage 
into,  693 


Megalocytes,  i.  447,  462,  505 

Melaena,  ii.  520 

Melanromia,  i.  551 

Melanine,  i.  178 

Melanotic  cancer,  i.  408  ;  sarcoma,  370 

Mellituria,  i.  520,  ii.  330 

Meniere's  disease,  ii.  680 

Meningitis,  i.  602,  ii.  567  ;  from  ear  disease, 
573  ;  epidemic  cerebro  •  spinal,  573  ; 
tubercular,  570;  vital  phenomena,  574 

Meningocele,  i.  330,  336,  ii.  923 

Menorrhagia,  ii.  389 

Menses,  retained,  ii.  420 

Menstruation,  i.  467,  ii.  153 ;  and  its 
disorders,  388 

Merismopedia,  ii.  964 

Merycism,  ii.  500 

Mesentery,  examination,  L  215,  217  ;  in- 
flamed, 222,  226.  239 

Metalbumin,  i.  341 

Metallic  tinkling,  ii.  57 

Methcemoglol)in,  ii.  322 

Methyl-guauidin,  ii.  988 
I  Metritis,  ii.  39S 

Metrorrhagia,  ii.  389 

MTadyean's  tube,  i.  120 
I  Microbacterium,  ii.  964 
'  Microbes,  attenuation  of,  L  141 
,  Micrococcus,  i.  603;  albicans  amplus,  ii.  977 ; 
albicans  tardissimus,  977  ;  cereus  flavus, 
974  :    cinnabareus,    974  ;    citreus    con- 
glomeratus,     977  ;    lacteus    faviformis, 
977  ;   luteufl,    974  ;   prodigiosus,    974  ; 
l)yogenes  tenuis,  1013 ;  roseus,  974  ;  sub- 
flavus,  977  ;  tetragenus,  i.  605,  ii.  1013, 
1049 

Microcytes,  i.  447,  462,  496 

Microcythrpmia,  i.  496 

Micro-organisms  of  suppuration,  i.  263  ;  of 
alimentary  canal,  ii.  517 

Microscoi>e,  i.  98  ;  accessories,  109  ;  choas- 
iug  a,  103  ;  magnifying  power,  107  ; 
testing  a,  105 

Microtome,  Cathcart's,  i.  67  ;  large  freez- 
ing, 64  ;  Lewis's,  66  ;  Rutherfonl's,  02, 
63  ;  Williams's,  66 

Microtomes,  i.  62 

Micturition,  ii.  356 

Miescher's  cylinders,  ii.  1052 

Miliaria,  iL  879 

Miliary  aneurism,  L  672 

Milium,  ii.  887 

Milk,  circulation  of,  through  tubes,  i.  208  ; 
spots,  558  ;  tubercular,  433 

Milk-cunlling  ferment,  ii.  472 

Miquel's  method,  atmospheric  germs,  i.  153 

Mitral  disease,  L  624,  638;  valve,  611,  614 

Models,  i.  715,  718  ;  of  paper,  719 

Moist  chaml>er,  L  126 

Moles,  ii.  950 

Molluscum,  iL  890  ;  bodies,  891 

Momentum  of  blootl,  i.  694 

Monocrotic  puUe,  i.  711 
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MoDftters,  double  and  triple,  ii.  940 

Morbud  Werlhofii,  i.  545 

Mordants,  L  133 

Mor])hia,  i.  527 

Motor  centreA,  ii.  614  ;  effects  of  deittnic- 
tion,  6*21  ;  in  Man,  619  ;  in  monkey.  614 

Moulds,  ii.  960 ;  chemical  comiK)Hition, 
961  ;  condition*  of  growth,  961  ;  cul- 
tures of,  961  ;  question  of  their  becom- 
ing parasitic,  962 ;  types  of,  960 

Mounting  fluids,  i.  93 

Mouth,  iL  448,  446  :  tubercle  of,  449 

Mucoid  degeneration,  i.  176 

Mucor,  ii.  962  ;  nnicedo,  960 

M  tiller's  duct,  il  929 

Multiple  neuritis,  ii.  762 

Muni])8,  ii.  4r>7 

Murmurs,  anii^mic,  i.  654,  65S  ;  cardiac  and 
vascular,  652  ;  cardiac,  ilin-ction,  657  ; 
cause.s  656,  ii.  53 ;  dynamic,  i.  656  ; 
endocardial,  653  ;  cxocardial,  652  ;  func- 
tional, 654  ;  harsh  anil  grating,  659  ; 
musical.  658  ;  organ i**,  653  ;  respiratory, 
abnormal,  ii.  55  ;  va.scular,  i.  653 

Muscarin,  ii.  988 

Muwle,  colloid  of,  i.  175  ;  hyi^ertrophy, 
165  ;  indameil,  243  ;  in  healing,  271  ; 
regeneration,  30S 

MuM-les,  atrophy  of,  ii.  755 

Muscular  exertion,  i.  570 

MuHiuli  pajjillares,  hyi>ertrophy,  i.  636 

Museum  preparationit,  i.  43 

Mycetes,  chiMiiical  actiouN  ii.  959  ;  classifi- 
cation,  95s 

Mviftoma,  ii.  1027 

Mydalcin,  ii.  J»>S 

Mydaloxiiic.  ii.  9S8 

Myilim-,  ii.  l»S.s 

Myelitis,  ii.  5^2 

Myooar.litis,  i.  214,  577.  5S9 

Myocardium,  di-<e:LM"i,  i.  5*^1 

Mvoma,  i.  M^^  ;  cardiac,  593 

Myosin,  i.  :ni 

Myxo-i  yliij'Iroma.  i,  376 

Myxo'.lema,  ii.  771  :  trtMtment  of,  773 

Myx'iiiiati-nis  df^viuration,  i.  176  :  sarcoma, 
":5»;i» 

N\M>,  favus  of.  ii.  903 

Nan-s.  ii.  1  ;  liln  din::  from,  2  :  iMtarrh  of, 

1  ;  fi)irous  iiMlyjiui.  3:  syphilitic  di.seaso, 

\  :  tumour^,  2 

cro^is  f)f  \h\\\k\  ii,  S24 

niat«Hl:i,  ii.  \\)iVl 


70.',   ii.  265  ;   chronic  inter- 
•li^cases   of,    575 


e]'liritis,    i. 

stitial,  277 
ervi*    chIN,    ii.    5*^»*> 

(iolk'i's  htnin,  i.  S»3 

er\e    li^fi"*,    disf.iMS  of.    ii.    576  ;    Pal's 

!»tain,  i.  *»2  :  I'alKxner  »»tain,  ^3 
ervex,  rfkr«nrrati««ii,   i.  301»  ;    of  endocar- 

ilium,  5'.*.'i ;  pi'riph»:ral  ''tain.  v»2 
tTvous  .\v*«tvm,  i.  21  i^,  ii.  567  ;  an:imia  and 


hypcnemia,  600 ;  diseases  of  boMl  ganglia, 
675  ;  diseases  of  blood-vessels,  581  ; 
diseases  of  histological  elements,  575 ; 
diseases  of  lymph- vessels,  581  ;  hyaline 
condition  of,  579  ;  involution  following 
destruction  of  periiiheral  parts,  734  ; 
plan  of,  642  ;  syphilitic  affect  ions  nf. 
587  ;  tumours  of,  737  ;  wax-like  diseaw 
of,  580 

Neumann's  hfematoblasts,  i.  489 

Neuridin,  ii.  987 

Neurin,  ii.  987 

Neuritis,  ii.  761,  762 

Neuroglia,  ii.  585  ;  di^eases  of,  576 

Neuromata,  i.  392  :  tihrous,  383 

Neuro-rctinitU,  ii.  285 

New  formatiims,  i.  359 

Ni]i]de  in  cancer,  ii.  795  ;  Paget *s  ili-sea^e 
of,  803 

Nitrates,  re«luction  of,  ii.  995;  retluiti'^n 
»)f,  by  cK- ft -fungi,  966 

Nitrogen,  absor])tion  of,  by  clvlt -fungi,  ii. 
S^iSa ;  asoimilatinn  by  mouMs,  961  ;  r^ti- 
ULitirm  of,  344  ;  excretion  of,  by  kidney, 
339  ;  free  al»sorption  of,  995,  996 

Noiles,  syphilitic,  iu  843 

Noma  oi  cheek,  ii.  447  ;  of  labium  ni.ij-.i«. 
421 

Norris's  corpuscle,  i.  190 

Nose,  e1e]»hantiasis  of,  ii.  894 

Note-taking  i.  37 

Nnr.ses,  phtliisical.  i.  432 
[  Nutritive  artery  of  l)one,  ii.  813  ;  pelatn.e. 
I      i.  114 

nm,ii;.\TORY  i>arasites  ii.  958 
:  ( Alliterative  ]ineun:nni:i,  ii.  109 

■  Oicijutal  IoIm'x.  ii.  ti95 

.  Oi-cipiio-jtarietd  band,  ii.  694 

■  Od.mt.ima,  i.  )^^t^.  ii.  S07 
ndour  of  organs  i.  35 

'  (Edema,   i.   32**,   330.  33H  :  of  lunj.  ''.-O, 
I      ii.  176 

(Ksiiphagisnius,  ii.  465 

(Esopliagus.  ii.  461  ;  ai'tion  of  inTT«" 
;  464  ;  ililatation,  463  :  examination  > 
'      17  ;  post-mortem  digestion,  ii.  Au\ 

<>i<liutn.  ii.  961 

■  Oil  and  co.ignljition,  i.  472 
Old  aici',  i.  705  ;  puNe  in.  714 
01fa'ti»ry  rorti«al  cei;tre,  ii.  624 
01ii;:eniia,  i.   196 
C)liirocyth:i!ni:i,  i.  496 
01i\ary  iKulies,  ii.  6S0 

Omentum,  ex.nnkination,  i.  217  :  inria!i.><i, 
227,  22?.  2;»9  ;  inflamoil,  connvt:ie 
ti.-sui»  j»roliferation,  211 

Oniii]ialo-mest-nti.ric  •iui't,  ii.  913 

O]i]itha1inop}ei;ia,  ii.  7<'6 

Optir  nerve,  connections  of,  ii.  6'*7  :  rrfc ! 
of  fli vision  of,  6l»:i 

t^ptic  neniitis  ii.  708  ;  retina  in,  712 

Orchitis,  ii.  374 


IVr^, 
'I.  I. 
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Organisation,  i.   267,  268  ;    of  thrombus,  : 
302  ;  of  porous  bodies,  287  I 

Organisms,  filtering,  i.  132  j 

Organs,  colour,  i.  34 ;  consistence,  33  ; 
contour,  33  ;  cut  surface,  34 ;  microscopic  j 
examination  of,  36  ;  o<lour,  35  ;  in  per-  i 
nicious  anaemia,  505  ;  size,  32 ;  squeezing  | 
and  scraping,  35  ;  surface  and  ed^es,  33  ;  | 
weight,  31 

Ossification,  ii.  811  ;  points  of,  814 

Ossifying  sarcoma,  i.  368 

Osteitis,  ii.  826  ;  deformans,  827 

Osteoblasts,  ii.  812 

Osteoclasts,  ii.  816  j 

Osteoid-sarcoma,  i.  368 

Osteoma,  i.  369,  387,  ii.  805 

Osteoma lachia,  ii.  836  ' 

Osteomyelitis,  ii.  828 

Osteopliagi,  ii.  816  | 

Osteoporosis,  ii.  816  ', 

Osten-sarcoma,  i.  368  | 

Ovarian  ascites,  malignant  cells  in,  ii.  437  ; 
dropsy,  429,  431 

Ovar>',  ii.  428  ;    cancer  and  sarcoma,  439  ;  ^ 
chondroma  of,  439  ;  cicatrices  in,  429  ;  | 
cirrhosis  of,  441  ;  cystoma  dermoideum, 
438  ;  cystoma  glandulare,  433  ;  cystoma 
myxoidea  i)apillare,    434  ;    development  ' 
of,  930  ;  dis])lacements  of,  441  ;  intlam- 
mation  of,  440  ;    myoma  of,  439  ;  myx-  . 
Old,    dermoid,    and   papillary   tumours,  | 
431  ;  results  of  ovulation,  428;  structure, 
428  ;  tubercle  of,  439 

Oxaluria,  ii.  334 

Oxyuris  vermicularis,  ii.  1063 

Oziena,  ii.  3 

Ozonised  air,  i.  151 

Pachymeningitis,  ii.  567 ;  haemorrhagica, 

604 
Paget's  disease  of  nipple,  ii.  803,  1052 
Pain,  i.  259  ;  in  hepatic  disease,  ii.  203 
Painful  subcutaneous  tubercle,  i.  390 
Painting  museum  preparations,  i.  53 
Palato-schisis,  ii.  917 
Pal-Exner  stain,  i.  83 
Palpitation,  i.    568  ;    influence  of  nerves, 

568 
Pal's  stain,  i.  82 
Pancreas,  ii.   560 ;    cysts,   561  ;    diseases 

of  ducts,  561 ;    examination  of,  i.  19  ; 

fat  necrosis,   ii.  561  ;    inflammation  of, 

561  ;  neoplasms,  562 
Pancreatic  diabetes,  ii.  660 
Papillce,  reconstruction,  i.  278 
Papillomata,  i.  398 
Paraffin,  embedding  in,  i.  61 
Paralbumin,  i.  341 
Paralysis,  acute  ascending,  ii.  758  ;    dipli- 

theritic,  24  ;  essential,  753  ;  ])eripheral, 

762  ;  reflex,  759  ;  spastic,  757  ;  urinary, 

759 
ParamRcium,  ii.  1055 


Parametritis  and  perimetritis,  ii.  409 

Paranephritis,  ii.  301 

Paraphasia,  ii.  667 

Paraphimosis,  ii.  384 

Paraplegia,  ataxic,  ii.  750  ;  urinary,  759 

Parasites,  ii.  958  ;  animal,  1051 

Parenchymatous  inflammation,  i.  260  ; 
nephritis,  ii.  266 

Paroophoron,  ii.  931 

Parosmia,  ii.  5 

Parotitis,  acute  infective,  ii.  457 

Parovarian  cysts,  ii.  424 

Parovarium,  ii.  931 

Pasteur's  fluid,  i.  13  ;  preventative  inocula- 
tion, anthrax,  142  ;  system  of  attenua- 
tion, 141 

Pavy's  method  for  separating  sugar  from 
blood,  i.  524 

Pawlowsky's  apparatus,  atmospheric  germs, 
i.  154 

Pectoriloquy,  ii.  58 

Pediculi,  ii.  1082 

Pedunculated  hydatid,  ii.  929,;  hydatid 
of  Morgagni,  373 

Pellagra,  ii.  872 

Pelvic  hematocele,  ii.  415,  426 

Pemphigus,  ii.  880 

Peuicillium  glaucum,  ii.  960 

Penis,  cancer,  ii.  384 

Pentastoma,  ii.  1082 

Peptonamiia,  i.  470 

Peptone,  i.  611 

Peptones,  ii.  473,  474,  476,  4S3  ;  fate  of, 
4.S3  ;  tests  for,  321 

Peptonuria,  ii.  320 

Peptotoxin,  ii.  987 

Percussion,  normal,  ii.  59  :  sounds,  physical 
causes,  59  ;  stroke,  i.  701 

Perforating  ulcer,  i.  317 

Periarteriitis,  i.  668  ;  nodosa,  668 

Pericanlitis,  i.  552  ;  etiology,  555 

Pericardium,  adherent,  i.  646  ;  structure, 
552  ;  tumours,  556 

Periosteitis,  ii.  824 

Periosteum,  transplantation  of,  ii.  820 

Peripheral  paralysis,  ii.  762 

Perisplenitis,  ii.  788 

Peritoneum,  ii.  562 ;  cancer,  666 ;  lipo- 
mata,  565  ;  tuberculosis,  564 

Peritonitis,  i.  239,  241,  262,  706,  ii.  662 

Perityjihlitis,  ii.  554 

Perlsucht,  i.  432 

Pernicious  ana*mia,  L  497,  602  ;  etiology, 
507 

Perosmic  acid  stain,  i.  89 

Pertussis,  ii.  8 

Petteukofer's  t«st  for  bile  acids,  ii.  202 

Phagocytes,  i.  266,  293 

Phagocytosis,  ii.  241,  1004 

Pharynx,  ii.  461 

Phenylacetic  acid,  L  161 

Phenyli)ropionic  acid,  i.  151 

Phlebectasy,  i.  692 
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Phlebitis,  i.  C91 

Phleboliths,  ii.  425 

Phonoiuetry,  ii.  60 

Phosphaturia,  ii.  329 

Phosphorous  poisoning,  i.  585,  ii.  234 

Photogenous  organisms  ii.  976 

Photography,  i.  Ill 

PhthiMH  and  cancer,  ii.  154  ;  contagiosity, 
154  ;  etiology,  151  ;  from  h:f'morrhage, 
153  ;  an<l  heart  ilisease,  154  ;  and  preg- 
nancy, accoui-hement,  lactation,  etc., 
153 ;    pulmonary,  i.  645,  ii.   130,   135, 

144  ;  ]iulmonary,  absence  of  fivtid  o<lour, 

145  ;  pulmonary,  healing  of  cavities,  144 
Piarrhaemia,  i.  530 

Picro-carmine,  i.  7S 
I*icro-lithin  III -carmine,  i.  78 
Pigment,  ii.  322,  974  ;  of  cleft-fungi,  con- 
ditions of  secretion,  975  ;  extraneous,  i. 

179:  inluihd,  179 
Pigmentation,    i.    177.  587  ;  in   Addison's 

disease,  ii.  781,  7^2  ;  spurious,  868 
I*i::  typljoid,  ii.  530 
Pineal  gland,  ailenomata.  ii.  739 
Pituitary  ]>o«ly,  tloulilo,  ii.  945 
Pityriasis  rubra,  ii.  i^6S  ;  versicolor,  90») 
Placenta,  disiviM^s  of,  ii.  949 ;    as  a  tilter, 

1046  :    infarcts  of,    950  ;    intlammation 

of,  952  ;  syi'liilitic,  952 
PlaMiKxlia  of  ninlarin,  ii.  1056 
Pleomorplii-^m,  ii.  959 
Pb-tli«»ra,  i.  165,  4i)6 
PblliyMMouTaph,  i.  695 
Plfur.n,  ii.  'A2  ;  j:us  in,  16S  ;  pi'rf«)mtion  of, 

166.  170  ;  tnberiK',  'M\  ;  tunmurs,  36 
l*Kuri-»v,  i.   'SM^   ii.  32  :  and  tubrrculoHiN. 

36 
I'li'.ir'i-i'iMunioiii.i  t.i  ijitrlr,  ii.  li)2.  Ill  ; 

iiiir<»Mc  ••!,  Ill;  "f  ••xi-i:,  i,  236 
Plrxi!''-i:ii  ;iiij«-i"ni  »t.j.  i.  3".'3 
PniT.inatuiin,  ii.  :\'2.^ 
Pn«'uiii'»l.:k.  ilhiN,      ii.      10»»  ;      liquffa'.-icn>. 

bovis.  11  I 
I*iu'mii.»'-.K: -u^,  i.  •*i05,  ii.  106;  >l;iinin.'  of, 

i.  l■■5^ 
Pni-uiii".'  iNtri---,  i,  r»'J7 
l*iM':::ii  '^T.ij'h,  MaP-v'*,  ii.   I'J 
rni"iiii.>k'»iii.i-i'H.  ii.  \t] 
rhi-::i;'iii  y.o-i«<  .isj.rrirdliua,  ii.  96'J 
I'll'- Tjimia.  I.  7".'»  ;  a'"it<'  fatariljal.  ii.  11'.' : 

anthra...i.l,    I'llo;  .,|    .-.ittU-.   102.   HI  ; 

i-)ii"Mi  ■  iiit'T'.tirial.  l:!"*:  r?.iiii"iu^,  lo-j; 

•  ibli't  ia!i'.i-.  l'>'.* ;  •«»ij'iinra!ivr  iiit.*r-«titial, 

117;  tn^-:.iilar,  I2i»  :  v.t^iN,  110;  wan- 

.i.r.:.,-.   11' 
Pnr  iii!<>]><  r.<  ir<liiiiii.  i.  557 
l'ntMriiii:}i  irav,  ii.  liWJ 
Poikil  .  \t.-.  i.    l'"i.'i 
Pi»i-in>.  niTtT'Tpli'iii  ..f,  ii.  l*»y 
pill  iriviiim,  i.  :',  10 
Pnli-.MiM  liu-    :i!ii.ii-»r,    ii.    7.''3  ;    anterior 

.l.:.-.ni-.i.  7.". I 
Pulydactyli-iii,  ii.  916 


Polydipsia,  ii.  327 
Polymastia,  ii.  794 
Polypi,    i.  411  ;   channel,   413  ;    niui*on«, 

411  ;  muscular,  413  ;  sarcomatous  41) 
Polypus  of  urethra,  ii,  370 
Polythelia,  ii.  794 
Polyuria,  ii.  327 
Pomjdiolyx,  ii.  879 
I*ons   <iiM.'aHefl   of,    ii.    678  ;    h«n]orrh.iL't- 

into,  678 
Porencephalia,  ii.  581 
Portal  vein,   constriction,   i.   52 S  ;    throni- 

lK»is,  675 
Po>.t-nas.il  adenoid  growths,  ii.  456 
Potasli  salts,  i.  550 
PoUto  ]>:t.ste,  i.  119;  Aterile,  119 
Potter's  lung,  ii.  98 
Poucliet's  ai)iiaraiuri,  atmosplierio  gvnn«>.  i. 

156 
Preilicrotic  wave,  i.  701 
Pn*fn)nt.il  region,    eflect   of  lesions  of,  :i. 

622 
Pri'gnancy,   i.  467,  705  ;  extra-utirine.  i:. 

412 ;  and  heart  «ii«L'a>e,  i.  650  :  niul!i]i!f. 

ii.  940  ;  ovarian,  416  ;  i»eritoncal.  416 
I*n'parati«»ns,  museum — brani,  i.   45:  i:'i>- 

cerine  jelly  for,  44  ;  hand,  43;  ophtK.il 

n»i«',  45 
lVepu<*e,  ii.  3>i3 
Preservative  riui»l,  i.  70 
Pn-ssure,  arterial,  i.  <i9 1 
Pp-yer,  liii-moL'loi'in,  i.  151 
IVi'kle  cell-,  i.  357 
Primary  lateral  -iIitosi^.  ii.  757 
I'nK'toda'Uiii.  ii.  !».";3 
l*r'»]M-]i?  .ii'iri.i.  i:.  3*Jl 
I'lnpliylM-xi-..  I.  1  17 
PpiM-'lfX.  ii.  l'>72 
I'li.Ht.ite.  ii.  3*^2  :  c-a|.-nli,  SH'^ 
I'r.'tn.U,   il:.:.«.!i..n    ,.i.   ii.    47;J:    lii-.; -;    .: 

li<ii:id-,  i.  ;;41.  :U2 

pMti-olytio  lelUM-ntH,   ii.  i»7'.» 

Pr.»lfi,t-j.  ii.  471 

IV.it.ij-,  ii.  \*^\ 

l'r.i:../.u.  ii.  lO.M 

Pr-in-'».  li.  ^^'.» 

P-a;iiin«ima,  i.  :{79,  ii.  73S 

J'-o'jilti-ttjViT'  111  "«i'«,  I.   137 

P-.ina-is,  ii.  '^^l  ;   bn--.  al.   1 1** 

I •-)!.. -iMTiiiia,  ii.  >'>l.   lO.'rJ 

l*t'iiua::.i-N,  i.  550,  ii.  l<75,  '."'5.  L"»M  :  til  'k- 

of.  'yji) 
Pu.l.-ii  i.il  }iiii:it...  .:b'.  II.    t-Jl 
Pi:di  i;il;iiii.  ilisi- iM". 'it,  ii.   I'jO 

l':ile\.   II.    lil'^L' 

Pulii.'iii.irv  aitcrv,  valvr,   i.   614:     ■«b:i. ». 

.•{23 
PidiiKihaiy    tuUr-'Ml<»«.iH.    i-«,ntagi' -ity.    ;  . 

151  :  .bath.  15S  ;  ..j.read  i»f.  145  :  ir^-.r.- 

meijt.  155 
I'u!n»'.  i.  '196,  7"5.  ii.  l'.*!  :  in  ane.i:-::,  :. 

713  :  ill  arleniti*,  713  ;  in  a-r-.-L.-t.  71;i  . 

C'irriLMn""-.  712;  dii-ruti- ,   701,*:  '»i  »:ij!, 
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pressure,  705  ;  of  low  pressure,  709  ;  in 
maniacs,  714  ;  monocrotic,  711 ;  in  old 
age,  714  ;  rapidity  in  disease,  699  ;  tri- 
crotic,  711 ;  in  valvular  disease,  711  ; 
varieties,  698 ;  water-hammer,  712 ;  wave, 
696 

Pupil  reflexes,  ii.  704 

Purpura,  i.  545  ;  hoemorrhagico,  470 

Pus,  i.  262  ;  formation  of,  242 ;  methods 
of  examining,  264 

Putrefaction,  i.  183,  ii.  960,  988  ;  organ- 
isms of,  983 

Putrescine,  ii.  987,  988 

Pj-aemia,  i.  677,  ii.  1017 

Pyajmic  alwcess,  L  602 

Pyelo-nephritiH.  ii.  298 

Pygopagus.  ii.  945 

Pyocyaniu,  ii.  975 

Pyogenic  organisms  in  Mon,  ii.  1015  ; 
source,  1016 

Pyothorax,  ii.  35 

Pyramidal  fibres,  ii.  652 

Quinine,  i.  233 

RA(i-i'iCKKiis'  disease,  ii.  1041 

Kainey's  capsules,  ii.  1052 

Kanula,  iL  457  ;  of  pancreas,  561 

Raynaud's  (.lisease,  ii.  763 

Reagents,  microscopic,  i.  77  ;  staining,  77 

Red  liepatisation,  ii.  103  ;  softening,  587  ; 
zone,  i.  6S1 

Redness  of  inflammation,  i.  260 

Re<luction  of  nitrates,  ii.  995 

Reflex  panilysis,  ii.  759 

Regeneratif>n  of  tissues,  i.  307 

Relapsing  fever,  ii.  1047,  1104 

flem.ik's  ganglion,  i.  563 

Rennl  inadequacy,  ii.  327 

Reix)rts  i.  37,  41 

Respiration,  i.  696 ;  influence  of  brain 
tracts,  ii.  49 ;  influence  of  .superior  and 
inferior  laryngeals,  48;  influence  of  vagus, 
4^S  ;  inspiratory  and  expiratory  centres, 
47  ;  movements,  42 

Respirarory  bundle,  ii.  46  ;  centres,  44  ; 
murmur,  normal,  52 ;  murmurs,  abnormal, 
55  ;  murmurs,  cause,  53  ;  muscles,  auto- 
matism, 47  ;  sounds,  phy.sical  causes,  52  ; 
volume,  49 

Retentive  power  of  abdomen,  ii.  407 

Retinitis,  ii.  2S5 

Rhalxlomyoma,  i.  390 

Rheumatic  gout,  i.  535 

Rheumatism,  i.  535 ;  theories,  537 

Rhiuoscleroma,  ii.  895 

Rhizo]ioda.  ii.  1051 

Rhonchi,  ii.  56 

Ricin,  immunity,  ii.  1002 

Rickets,  ii.  830  ;  fnital,  835 

Rigidity  after  cerebral  hsemorrhage,  ii.  677 

Ringworm,  ii.  904 

Roaring,  ii.  8 


Rodent  ulcer,  i.  408 

Rose,  ii.  873 

Roseola,  ii.  872 

Rumination,  ii.  500 

Runeberg's  experiments  on  filtration,  i.  322 

Rupia,  ii.  885 

Russell's  fuchsin  boilies,  ii.  1055 

Saccular  aneurism,  i.  670 

S:igo  spleen,  ii.  785 
■  Salicylic  acid,  i.  233 
,  Saliva,  influence  in  digestion,  iL  469 
I  Salivary  concretions,  ii.  459  ;  fistula,  459  : 
gland,  cancer,   i.    405  ;  glands,  ii.  456  ; 
glands,  tumours,  458 

Salpingitis,  ii.  411 

Salt  frog,  i.  253 

Salt  solution,  i.  472 
I  Sanderson's  system  of  attenuation,  i.  143 

Sapncmia,  ii.  1020 

Saprin,  ii.  987 

Saprophytes,  ii.  958 

Sarcina,  ii.  904,  1048  ;  lutea,  974 

Sarcoma  of  lung,  ii.  176  ;  of  mamma,  796 

Sarcomata,  i.  359;  alveolar,  871;  of  bone, 
308 ;  degenerations,  380  ;  embryonic 
significance,  360  ;  giant-cell,  366  ;  lipo- 
matous,  378 ;  melanotic,  370 ;  myxo- 
matous, 369  ;  oat-seed-like,  365  ;  round 
cell,  361  ;  spindle-cell,  363  ;  si>indle-cell, 
reproduction,  365 

Scalds,  duodenal  ulcer  after,  ii.  520 

Scarlatina,  ii.  1103 

Scarlet  fever,  ii.  910  ;  ki<lney,  291 

Schafer,  reaction  of  blood,  i.  450 

Scheuerlen's  bacillus,  i.  407 

Schistoprosopia,  ii.  918 

Schizomycetes,  ii.  964 

Sciatic,  di\ision  of,  i.  220  ;  nerve,  328 

Scleroderma,  ii.  892 

Sclerosis,  ii.  576  ;  diffuse,  577  ;  insular, 
578  ;  insular  or  disseminated,  742  ; 
primary  lateral,  757  ;  systemic,  577 

Scolex,  ii.  1073 

Scoliosis,  ii.  865 

Scrofula,  i.  436 

Scrotum,  ii.  383 

Scurvy,  i.  547  ;  stomatitis  of,  ii.  447 

Scutula,  ii.  903 

Sebaceous  glands,  diseases  of,  ii.  886 

Seborrh(pa,  ii.  S86 

Secondary  degeneration,  ii.  714  ;  ascending, 
725;  bilateral,  717;  descending,  724; 
do{>ti nation  of  ascending  tracts,  727  ; 
distance  to  which  the  tracts  descend, 
723  ;  from  lesions  of  cord,  723  ;  in  nerve 
trunks,  714  ;  perio<lsin,  719;  of  iK)sterior 
nerve  root,  730  ;  ]»rogressive  alteration, 
729 ;  structural  alterations,  728  ;  at 
various  levels,  719 
I  Sectio  cadaveris,  i.  1  ;  aorta,  19  ;  bladder, 
17  ;  brain,  20  ;  external  appearances,  4  ; 


first  incision,  5  ;  general  examination  of 
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organs,  31  ;  heatl,  20 ;  heart,  6  ;  iustni- 
nieuts,  2 ;  kidneys,  15  ;  liver,  14  ; 
lungH,  14  ;  lymphatic  gland;),  19  ;  niea- 
siirenurut  of  liquidH,  5  ;  mouth,  larynx, 
and  pharynx,  19  ;  M>dO])hugust  17  ;  pan- 
cn'os,  19  ;  reagents,  4  ;  semilunar  gau- 
^'lia,  19  ;  spinal  coni,  29  ;  splefu,  15  ; 
stomach  and  intestines,  17  ;  su]>ra-reual  | 
ca]>!iule8,  17  ;  typhoid,  19  ;  ureters,  10  ; 
vena  cava,  19 

Section-cutting,  i.  62  ;  pre})aratiou  for,  5S  ; 
serial,  68  ;  serial,  Weigert,  69 

Sections  through  hrain,  i.  23 

Segmental  duct,  ii.  929 

Semicircular  canals,  ii.  6S0 

Semilunar  ganglia,  examination,  i.  19 

SenftleWn  exjteriment,  i.  304 

Septic  abscess,  i.  677  ;  emlioli,  677 

Septi«-iPmia,  ii.  1018  ;  h:f>niorrhagica,  1019  ; 
of  mice.  lOlS;  of  ral.bits,  1019 

Serum,  antitoxic,  ii.  999  :  in  coagulation  of 
bloml.  i.  302  ;  germicidal,  ii.  1001 

Serum-steriliser,  i.  117 

Sex.  i.  -167 

Sheep.  Algerian,  immunitv  of,  ii.  997 

Shrxk,  i.  471 

Sibilant  sounN.  ii.  50 

Siilenwis,  ii.  101 

Silicosis,  ii.  97 

Silver,  stain,  i.  88  ;  stained  cornea.  249 

Sim])le  histioid  tumourN  i.  381 

Sinuses,  ii.  854  ;  cerebral,  thrombosis  of, 
581 

Situs  transvi-rsus,  ii.  946 

Skin,  ii.  >6S  ;  canrer.  i.  406 ;  inunctinn 
andalbiiininaria.  ii.  :115  :  u'llema.  i.  3'J^  : 
pi;:infiitation  <»f,  ii.  7>1  :  pigiiu-ntetl, 
SO**  :  vr-iiiilar  di-fancs  of,  879 

Skiu-^Taftih;:.  i.  277,  o07 

Smallpox,  ii.  I' 10 

Small  vM  L'ratiul.ir  Ki-lm y,  ii.  277 

Srkake-i.i»i«."in.  ii.  l»>.') 

SiHM'ziiu,  ii.  7" 

Snoring,  ii.  7" 

Swlt  ihn!j.:n-.  i.  :il7 

Soil  a-*  h;irl't>::rer  of  patlniijcnic  (»rguni>m'«, 
ii.  1*77 

So"t.  iiilial.itiiin  of  iik  jilithi^i^.  ii.  156 

SnimdN  nf  In  art.  proI.inL.'ili«'U.  i.  t;;»i» 

S]iaii.<  Miia.  i.    \'M\ 

Spa'^iimt'iMiif,  li.  !*"*'» 

Spa-'tJ".'  I'-iralx--:-,  ii.  757 

SjK."tro-'ipf  ai:d  li.»iincl.)l,in.  ii.  ;J24 

Spi;»ill,  pl,\^ii:il  ba-is  f»:.  ii.  657 

Sp»Tii:a!ii'»|f.  ii     'M'.\ 

Sj»hygm'»;:raiii.  iiml  bI«>oil-pri"«iure.  i.  697  ; 
noraial.  7"1  :  m  fM  per-  "U^.  702 

Spbyi;ii:'»u'i.i]'li.  i.  7*»0 

Spli\;,':ii<»!'iU'»!int'r.  i.  69ii 

Spina  li'llnia,  i.  '^'^*^ 

Spinal  immI.  .ipulation  witliin.  ii.  ^*M  :  ex-  " 
ammati'ih,  i.  21'  ;  and  »'Xi-«"»'«ivo  at!i!«»-  j 
spheric    preiiiure,    ii.    598  :  h.«-mori  hai^re  , 


into,  603  ;  section,  L  527  ;  tract*  in,  it. 
715 

Spine,  curvature  of,  ii.  805 

Spirillum,  ii.  964  :  cliolenv  Asiatics,  975 

S])irocha?ta,  ii.  964  :  OWrmeieri,  IO47 

Spirr)meter.  IIutchinson*«.  ii.  50 

Splashing  sound,  ii.  57 

Spleen,  i.  417,  619,  ii.  784  ;  of  u^ue,  7^9  : 
as  bloo^l •transforming  organ,  i.  4>5  :  ex- 
amination of,  15  ;  infarction.  681  :  m 
jaundice,  ii.  192  ;  in  lc'U«vH*yth»'mia,  i. 
513  :  ]iernii'i<>usnn;i-mi.a.  r»06  ;  oiim^ifs  of. 
ii.  787  ;  syphilitic,  78S  ;  thirkenibi;  of 
capsule,  788  ;  tubercle  of,  7^8  ;  tuniour^ 
of.  789;  typhoid.  790;  veU'Us  engorge- 
mmt,  785  ;  wax-like.  785 

Splenic,  artery,  i.  486  :  fever,  ii.  1042  ; 
Vein,  i.  485 

Spleuitiiation,  ii.  167 

Splenr)tomy.  i.  487 

Spondyl-oli»ithi.Hi>,  ii.  %iSi^ 

Sponge,  or::aiii-«atioii,  i.  287  ;  ^il:cvou•«.  291 

SiKiiv^,  endogenous  ii.  967 

Sporozcaiia,  ii.  1052 

Sprue,  ii.  5.'18 

Sputum,  bn»nchiectasy.  n.  89  :  bronchitis. 
83  ;  croupous  pneuninhia,  106  ;  jhtln«ii  -d. 
i.  432  :  in  ]iulmonary  tulNTculooix.  11. 145  : 
staining  of,  i.  139 

S(piibb'>  metiio^l  for  est  im  at  in  l:  uria,  ii.  '^\'.\ 

StaLTiiatiiin,  intlammation.  i-aU'>e.  i.  ifol 

.Staining,  iloublc.  bik<-l<-iia.  i.  13}  :  n{ 
UKterifl,  lo.'J  ;   reagiMit",  77 

Stammering,  ii.  ^u*^.  673 

St.  Anth-.iiy^  Kiiv.  ii.  ^73 

Staphybhii.vtjs.  ii.  l'>ln  ;  p\i,_'«'ii»-  :.:  lu*. 
1012  ;  py»;-vni's  auieu-,  i.  60."»,  ii.  >'J*.', 
971.  9'»sl  10 1(1 

Star.li,  a-.'li'iii  nf  j»;iliva  r.u.  ji.  46l*  ;  ft  :!*:.  ..\  - 
ati.»n  t.f,  9"'l 

Siati^:it'>  ini  rii'io.Mr.Iiii'!,  i.  51'5 

Strain,  sterilivttiiiii  by.  1.  122 

Stt-nli^atioii.  i.  VJ.-1 

StetlmmvltM.  SiU'lri-s-.m'-.  ii.  43 

Sti-th  ».scop.-.  ii.  .'■»:< 

Stiniuiaiil'',  :ji.tiin  --ii  Wouu-i".  \.  Ii"*.*! 

Stinys.  i.  3"J2 

St«»niai'li,  ii.  166  ;  a«.iiN  rf,  ainlx-*.-.  ;;*J  . 
a«'ids  nf.  li-l>  foi.  r.M:  a-  \\W  pii t- -i. »:;!:..• 
ij'.rrr,  507;  <  .iH'-'-r,  5ln;  .Mt.jiri,.  5".'  . 
ililalatmn.  5'»3  ;  •i:pl,thtTi!ii-,  .''Wi*  ; 
ex.iniinaliiin  of.  i.  1 7  ;  Ti-iinj.  ii.  4*i''  : 
loliii-ular  )il<-eratioii,  5*'7  ;  lia...ii":i.il 
«li'«ea«*c',  4*<7  ;  «iT^'anii'  'Iimmsi,.  ;.ii:i  -, 
•  iru'anic  ili-t-ase  autl  det«-  :i.»h  i-f  l.\'ti««- 
ridiiric  aciil.  511  ;  p«>lyiij.  n:>>'n..il.i. 
lan-omata,  5l;J  :  p'">l  -  la'irtfiii  ^hcv— 
tii»n.  5'"5  ;  se.'ifti'inx  of.  471  ;  ?ti:e  .iT 
variou"  jierioiU  of  liiji-^ii  'li.  477  :  '•'.•■n"^-> 
of  jiyloru*,  512;  >tru!ure  .;ijd  r::. 
tioMs.   I«i6  ;  t'd»eri  le.  513 

Stomatitis,  ii.    M't 

Strangury,  ii.  35 S 
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Streptococcus,  ii.  1010  ;  pyogenes,  i.  605, 
ii.  829,  1012  ;  pyogenes  albus,  829 

Streptothrix  of  Eppinger,  ii.  975 

Stricture  of  urethra,  ii.  370 

Strobilo,  ii.  1073 

Stroma  of  cancers,  i.  402 

Strongylus  duodenalis,  ii.  1063 

Struma,  ii.  776 

Succinic  acid,  i.  511 

Suctorial  worms,  ii.  1068 

Sudamiua,  ii.  879 

Sugar  in  blood,  i.  523  ;  in  diabetic  blood, 
525  ;  generation  of,  from  proteids,  ii. 
J  88  ;  history  of,  L  520 ;  history  of,  in 
stomach,  ii.  478 

Sulphur  grains,  ii.  965 

Sunlight,  influence  on  cleft-fungi,  ii.  974 

Super foetatioD,  ii.  940 

Suppuration,  i.  242,  262;  causes,  262; 
of  cornea,  253  ;  definition,  262 ;  and 
organisms,  ii.  1016 ;  organisms  of,  856, 
1010  ;  organisms,  disinfection,  i.  151  ; 
and  peptonuria,  ii.  320 

Supra-renal  capsules,  ii.  780  ;  examination 
of,  i.  17  ;  hypertrophy  of,  ii.  783  ;  re- 
moval of,  780 ;  supernumerary,  783  ; 
tumours  of,  783 

Swelliug,  intiammatory,  i.  260 

Sympathetic,  pernicious  anaemia,  i.  506 

Symptomatic  anthrax,  ii.  1046 

Synophthalmia,  ii.  923 

Syutonin,  ii.  473 

Syphilis,  i.  592,  ii.  285,  910  ;  of  bone,  843 ; 
of  larynx,  30;  of  lung,  172;  of  membranes 
of  brain,  568  ;  of  uares,  4  ;  of  placenta, 
952  ;  of  teeth,  867  ;  of  testicle,  376  ; 
and  tract  lesions,  587 

Syphilitic  bacillus,  i.  440  ;  liver,  iL  236  ; 
stain,  i.  137 

SjTingomyelia,  i.  336 

Tactile  sensibility,  centres  for,  ii.  621 

Tadpole's  tail,  i.  216 

Taenia,  echinococcus,  ii.  1076  ;  mediocanel- 
lata,  1074  ;  solium,  1072 

Tail,  tish,  i.  217  ;  tadpole's,  216 

Talipes,  ii.  946 

Teeth,  diseases  of,  ii.  866 

Telangiectatic  angeiomata,  i.  393 

Temperature,  i.  259,  473,  691  ;  of  animals, 
ii.  1089  ;  of  body  and  that  of  surround- 
ings, 1090  ;  and  croupous  pneumonia, 
108;  equilibrium  of,  1093;  normal,  1087; 
regulation  of,  by  nervous  system,  1094  ; 
rhythm,  1089 

Tendon,  regeneration,  i.  308 

Teratoma,  ii.  945 

Testicles,  ii.  371;  atrophy  and  hypertrophy, 
372  ;  cysts  of,  373  ;  development  of, 
930  ;  inflammation  of,  374  ;  neoplasms 
of,  379  ;  sinuses,  379  ;  supernumerary, 
371  ;  syphilitic,  376  ;  tubercular,  377 

Test  papers,  Oliver's,  ii.  320 

VOL.  II 


Tetanine,  ii.  988 

Tetanotoxine,  ii.  988 

Tetanus,  ii.  988, 1035  ;  vaccination  againit, 
998 

Thalamus  opticus,  ii.  675 

Thermometry,  surface,  ii.  1098 

Thermo-regulators,  i.  130 

Third  ventricle,  gray  matter  of,  ii.  681 

Thomsen's  disease,  ii.  756 

Thoracic  duct,  ligature,  i.  326 

Thoraco-gastro-schisis,  ii.  914 

Thoracopagus,  ii.  943  ;  parasiticus,  944 

Thrombi,  cardiac,  i.  622  ;  septic,  602 

Thrombosis,  i.  300,  302,  675,  ii.  761 

Thrombus,  white,  i.  300 

Thrush,  ii.  446 

Thymol,  i.  149 

Thymus  in  exophthalmic  goitre,  ii.  779 

Thyroid,  ii.  769  ;  as  blood  -  transforming 
organ,  i.  493  ;  removal  of,  ii.  770  ;  super- 
numerary, 776  ;  transplantation  of,  771  ; 
tumours  of,  779 

Tidal  wave,  i.  701,  703 

Tissue,  attraction  theory,  i.  233  ;  counter- 
poise,  280 

Tissues,  elasticity  of,  i.  281  ;  preparation 
of,  for  staining,  139  ;  regeneration,  307 

Tobacco  and  tea,  i.  572 

Tongue,  il  443,  448  ;  acute  inflammation, 
448 ;  angeiomata,  449  ;  annulus  mi- 
grans, 451  ;  black -hair,  449  ;  cancer  and 
sarcoma,  450  ;  enlargement  of  follicular 
glands,  449  ;  frog's,  i.  215,  225  ;  as  an 
index  of  disease,  ii.  451  ;  nervous  affec- 
tions, 453 ;  pigmented,  449 ;  pit>Tiasis  of, 
451  ;  syphilitic,  450 

Tonic  function,  visceral  muscles,  i.  632 

Tonsils,  diseases  of,  ii.  454 

Tojjhi,  i.  543 

Topography,  cranial,  ii.  611 

Tox-albumins,  iL  993 

Trachea,  functional  diseases,  ii.  6 

Tracheal  injections,  ii,  157 

Transfusion,  i.  473  ;  of  milk,  206 

Transplantation,  foetal  tissues,  i.  311 

Transudates,  coagulation,  i.  340  ;  composi- 
tion, 340 

Transudations,  i.  319,  330 

Trematoda,  ii.  1068 

Tricephalus,  ii.  946 

Trichina  spiralis,  ii.  1064 

Trichinae,  i.  332 

Trichocephalus  dispar,  ii.  1063 

Trichomonas  vaginalis,  ii.  1055 

Trichosis  vesicae,  ii.  363 

Tricrotic  pulse,  i.  711 

Tricuspid,  disease,  i.  626,  643  ;  valve, 
613,  615 

Trophic  centres,  for  ascending  fibres  in  cord, 
ii.  727  ;  for  peripheral  nerves,  715 

True  aneurism,  i.  670 

Tryptoniemia,  i.  470 

Tube-casts,  ii.  349 
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Tubercle,  i.  417,  it  989,  910 ;  and  age,  151[; 
and  coustitution,  152  ;  contagiosity,  i. 
431 ;  degenerations,  427  ;  and  foetus,  ii. 
153  ;  glandular  complication,  t  429  ;  and 
growth,  ii.  151  ;  and  heredity,  152  ;  in- 
halation, L  434  ;  and  insanity,  ii.  153  ; 
of  joints,  846  ;  of  larynx,  28  ;  liability 
of  animals  to,  1.  430  ;  of  lung,  inter- 
stitial, ii.  140  ;  of  lung,  vascular,  147  ; 
means  of  contamination,  i.  431  ;  and 
menstruation,  ii.  153  ;  and  mortality, 
152  ;  from  non -tubercular  infection,  i. 
435  ;  and  scrofula,  436  ;  seats,  421  ;  and 
sex,  ii.  152  ;  and  stature,  151  ;  struc- 
ture, i.  422 

Tubercle  bacillus,  i.  419,  434,  605,  ii.  131, 
135,  144  ;  Ehrlich-Weigert  stain,  i.  135; 
Fiitterer's  stain,  137  :  Gibbes'  stain,  137  ; 
Koch's  stain,  135  ;  staining,  135  ;  Ziehl- 
Xeelsen  stain,  136 

Tubercular  lung,  absence  of  foetid  odour, 
ii.  145  ;  sputum,  145 

Tubercular  pneumonia,  ii.  129  ;  absence  of 
fcvtid  odour,  145  ;  cirrhosis  in,  138  ;  dis- 
seminated, 146  ;  healing  of  cavities,  144  ; 
organs  in,  146  ;  spread  of,  145  ;  sputum 
in,  145  ;  stages,  129  ;  vessels  in,  138 

Tu))erculin,  ii.  157,  989,  1087 

TuWrculosis,  artificial,  i.   429  ;  bronchial, 
ii.  90  ;  genital,  410  ;  and  ingesta,  i.  432  :  ; 
pulmonary,    ii.     129  ;    teiajwrature    in,  i 
1104         *  I 

TulHfs,  circulation  tlirough,  i.  106 

Tubular  breatliing,  ii.  55 

Tuiuniirs,  i,  359  ;  of  brain,  ii.  737  ;  classiti- ! 
tatioii,  i.  442;  examination  of,  441  ;  of  | 
lu-art.  r.9:i  ;  simple  histioid,  381  i 

Tvinpaiiitio  sound,  ii,  59  j 

Tvi.hlitis,  ii.  554  ! 

Typhoi.l,  i.  IS.  19,  ii.  1»S8,  1103;  bacillus  | 
of.  5l,'7,  1014  ;  )»acillus  staining  of,  i.  | 
i;J8  ;  U-wr,  ii.  522:  larynx  in,  28;  of 
j.iK',  530  ;   >i.lceu,  7^0  , 

Typlius,  ii.  1103 

TyroMTi.  i.  511,  ii.  345  ; 

Ukdkk,  tiiliercular,  i.  4  33  , 

riirr,  fiiutr  pt-rforatiiiK'.  <»f  (I'soj.liajjus,  ii.  ■ 
4»)1  ;  camrrous  i.  317  ;  rliaiu-rous,  315,  ' 
.317:    ron>titutioiial,    315;   diphtheritic, 
31S  :  iiKlnUut,  2i*4,  313  ;  inflamed,  315; 
iMTtoiatiiiu'.     317;     r.-nleut,     31S,     408  ;  | 
>l'MU'hiiii:.   315;    syphilitic,   315;   tJiU-r- 
cular.  .31  >  ;  vaiicoM',  315  ;  weak.  314        ' 

n.rratiuii,  i.  313 

I'liilMli.-al  \.-si.l,.,  ii.  913  ' 

l'ra.lm>  cynt.  ii.  91  1 

I'laiiiia,  i.  518  ;   tiieorie",  549 

I'ratrs.  ii.  347 

Tna.  1.  540,  519.  ii.  339;  and  bile  Mcre- 
!i  -n.  1*^7  :  formation  ..f.  l^(;  ;  «jualitative 
in. I   'juaiititativi-   analysis  of,  341  :    and  , 
t.-mi^rature,  187  \ 


Ureters,  diseases  of,  ii.  364  ;  examination 
of,  i.  16  ;  obstruction,  338  ;  tuWrvular, 
ii.  305 

Urethra,  chancres  of,  ii.  870  ;  diseases  of, 
367  ;  polypi,  370  ;  stricture,  870 

Urethral  caruncle,  ii.  421 

Uric  acid,  i.  539,  ii.  346  ;  detectioD.  i. 
543  ;  estimation  of,  ii.  347 

Urinary  calculi,  iL  836 ;  deix>8ita,  organi>e*l, 
348  ;  paraplegia,  759 

Urination,  physiology  of,  ii.  354 

Urine,  i.  506,  ii.  311;  accidental  impuri- 
ties, 351 ;  alkalinity  of,  329  ;  in  catarrhal 
nephritis,  272  ;  in  cirrhotic  kidney,  2^5  ; 
colouring  matter  of,  335;  colourin^c  matter 
and  drugs,  335  ;  and  diet,  889  ;  in  diph- 
theria, 27;  estimation  of  solids,  268;  and 
hflemolysis,  323  ;  quantity  in  health,  827  ; 
quantity  in  jwlyuria,  328  ;  in  wax-hke 
kidney,  277 

Trobacillus  liquefaciens  septicus,  iL  1015 

Urobilin,  ii.  193,  335 

Urochrome,  ii.  335 

Uro-genital  sinus,  ii.  938 

Urticaria,  ii.  873 

Uterus,  ii.  385  ;  absorption  of  niyoiiiata  of, 
399  ;  cancer  of,  401  ;  displacements  of, 
404  ;  erosion  of  cervix,  398  ;  haemor- 
rhage from,  400  ;  hernia  of,  408  ;  im- 
mersion of,  408  ;  myo-carcinoma  of,  401  ; 
polypi  of,  402  ;  prolapse  of,  409  ;  sm(M)th 
myoma,  399  ;  »triate<i  myonm,  401  ; 
structure  and  functions,  385  ;  tumour?*, 
399;  versions  and  flexions,  407;  villou-. 
393 

Vacvination,    ii.     997  ;    chemical.     99^^  ; 

a^'aiust  cholera,  1001  ;  with  llje  Uiicroj^-. 

998 
Vaccines,  ii.  997 

Vacher's  apparatus,  testing  air,  i.  155 
Vacuolation,  i.  254 
Wi^ina,  ii.  418  ;  cysts,  419  ;  intlanimati.-»n 

of,  418  ;  tumouTN,  419  ;  ulceration,  419 
Vaginal  hydrfH:ele,  ii,  420 
Va>;inisniu.s,  ii.  421 
Va^'us  ]>neumonia,  ii,  110 
Valves  of  heart,  effects  of  en«locardiliN  oi,.  i. 

610  ;  entrance  of  orgjinisms,  806  :  tua!- 

forniation,     620,     621  ;     rupture,     OjO  ; 

testing.  9 
Valvular  di.sease  of  h<*art.  i.  500  ;  and  Mo.-l 

jiressure,  618  ;  and  cirrhotic  kidney,   .:. 

2S5  :  ilanger  of,  i.  617  ;   effects  on  oth^r 

organs,  »;i9  ;  jtulse  in,  711 
Varicotele,  ii.  380 
Varicose  aneurism,  i.  670 
Variola,  ii.  1104 

Varix,  i.  692  ;  of  pelvic  veins,  ii.  425 
Vasoconstrictors,  i.  660 
Va^oronuia  of  sjiinal  coid,  ii.  591 
Vasodilators,  i.  660 
Vaso-!iiotor  nerves  of  lung,  ii.  49 
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Vegetatious,  i.  598,  602,  608,  613 

Veiu,  liquid,  i.  656 

Veins,  i.  660  ;  iuflammatory  affections  of, 

691 
Venereal  warts,  i.  399 
Venesection,  i.  463,  486 
Venous  obstruction,  i.  324,  326 
Ventricles  of  heart,  dilatation,  i.  621 
Vermes,  iL  1062 
Vernix  caseosa,  ii.  886 
Vertebrae,  tuberculosis  of,  ii.  854 
Vertigo,  ii.  501 
Vesicles,  fonnation  of,  iL  881 
Vesico- vaginal  fistula,  ii.  361 
Ve^siculfe  seminales,  tubercular,  ii.  305 
Vessels,  of  endocardium,  i.  594  ;  relation  to 

amyloid,  169 
Vibrio,  ii.  964 

Virchow's  attraction  theory,  i.  233 
Viscera  in  leucocythremia,  i.  513 
Visceral  clefts,  ii.  916 
Visual  cortical  centre,  ii.  624 
Vital  capacity,  ii.  50 
Voice  sounds,  physical  causes,  ii.  57 
Volvulus,  ii.  535 
Vomiting,  ii.  500 

Wandering  pneumonia,  ii.  110 

Warts,  i.  398  ;  venereal,  ii.  384 

Wasting  palsy,  ii.  754 

Water,  bacteriological  investigation  of,  i. 

157 
Water-brash,  ii.  499 
Water-hammer-pulse,  i.  612 


Wax-like  disease,  i.  167,  589,  ii.  146  ;  of 
arteries,  i.  674  ;  of  brain,  ii.  580 

Wax-like  kidney,  dropsy  in,  ii.  277  ;  ter- 
minations, 277  ;  urine  in,  277  ;  varieties, 
273 

Wax-like  liver,  ii.  229 

Web,  frog's,  i.  214 

Weigert's  haematoxylene  stain,  i.  80 

Weil's  disease,  ii.  200 

Wens,  ii.  886 

Whip-worm,  ii.  1063 

Whispering  sounds,  ii.  58 

White  swelling,  ii.  849,  851 

Whooping-cough,  ii.  8,  69 

Wolffian  duct.  ii.  929 

Woolsorter's  disease,  ii.  1040 

Word-blindness,  ii.  668 

Word-deafness,  ii.  668 

Worms,  round,  ii.  1062 ;  suctorial,  1068 

Xanthelasma,  ii.  190 
Xanthin,  ii.  348 
Xanthopsy,  ii.  190 
Xeroderma,  ii.  883 
Xylol  balsam,  i.  95 

Yeast,  ii.  963  ;  composition,  963  ;  condi- 
tions of  growth,  963  ;  fermenting  func- 
tion, 964  ;  nourishment,  963  ;  rose- 
coloured,  974 

Zinc  cement,  i.  96 

2k>ogloea  masses,  ii.  965 

Zopt's  classification  of  schizomycetes,  ii.  959 
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